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sicroprocesser. digital control, data logging,
data ascquiaition

This paper descrides a digital, aicroprocessor controlled
data acquisition system which optimiszes san/machine
communicetions. The processor provides digital feeddack control,
data collection over ary nuamber >f chanmels (up to 8), J2 BI?
floating point (7 s




~a variety of output formets. The sain features of the device
are the adility to werk in any numerical unit desired by the
user, aathematicel neise filtering and autematic feeddack
contrel.
The particular aspplication under consideration is
sutematic 4ats collection and angle-of-attack contrel of a
subsenic wind-tunnel. Data are presented to demenstrate the

dats logging capadilites of the systea.
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This papet desscides & digital, sieepceccsest
conttelled date aceuisitieos apysten vhich eptisives
98a/80chine costeaications. THe processer prevides
digital teoddach coatsel, dats cellecties over ey
ssadetc of chenaels (g to 68), 32 91T fleatiag peiat (?
sigaiticent 4igic) osathesatics, and o vatiety ot
output fessets. fhe sain feateten of the device ase
the ability to verk 4icectly 4is ary sseesical it
desized DY the wser, nthenstical seise filtecring sad
eutesatic feeddack ceomsol.

The pesticeler application sader cessidecetion o
estegatic dats coliection and angle-of-attact coetzel
of & ossdbosmic visd - tusasel. Data ace peeseated to
desonstcate the data leggiang capadilities of the
aystens.
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4. S4CECHOSHD

The ese of sictoprocessors (J-P) to ceatrol vacioes
enslog ead digitsl devices 2as jrova esposentially ia tae
past tvo jesis. Applications tasge fros TV teaais jeses aad
‘epeact® tzeffic 1lights, 0 i1adestrial plsat sositors asd
high speed data handling. The state-of ~tae-ast U-P at the
tise of this writisg is the (IBTEL 07a8. This single
iategtated circuit contalus:

1. Ceeatral Pzocesaisg Uait (TPU)

d. VK dytes of erasable, progrsssadle, read-oaly wesoty
(200CH)

). #s pytes of tandos sccess meoty (BA8)
8. 8-1T isterval tisec/evest cowmter

S. clock 4ctiver

Ia addition, this 4evice irevs cely 150 aillisepere (8d) at
S velte (V).

Sictoprocessors LHave grestly eshanced the ispartent
techaelogical applications called DISTRINOTRD (IPTRLLIGRICE.
Tet aesasple, Trostiae - dat tiMe CORSEBIAG - ChoTes SECh as
pesallel to secie. data coaversios, -y plettiag, eqaipeeat
pelliag, etc. cat de cesttolled o site. Eagiacering
aselyeis of sech lacrge iatecrcosaected sedeystens redeces o
e °‘dlact Doz’ presles fatirec thar the Sete cosplez prodles




of ceatralized cesassd sad caatrol.

». 9l8CUSSIOB

This peper descrides the developesatr and coastrsction of
62 sstosstic data 109gial aystes (AdL) whaich 4is cosfijesed
vie softuare to auit a particular application. The softwace
sodification is 3ymemic ia satuze, vhich sesas thet tie
9y8tea oOpezator heeds oaly to Type 12 a few sisple coemaais
tOo Chaage the aystes i1aput/output (I1/0) to seasure volos,
feet, P81 or aay other guastity 4izectly without esterasl
herdwacre sodificetios or ad justseat. The creguitesests for
the oayates aad oan overail descriptioc e¢f the ADL hatdeace
e%e Jiven 18 chapter II. Chapter II: discesses the cossend
wotds eveilable aiong uwith exasples of acteal owtpet.
Cheaptecr IV preseants & specific application of tae aypystes.
Guidelines tor 1i1sterfaciag c:he 4Qigita. feedback coatzol
function with verious types of equipesent atre also g¢givea.
Chaptet 1V coatains the lOft!‘K‘ aaseably listing as vell as
flovcharts and esplenations of the more jsportaat zoutises.
Chapter VI discesses °he uae of U-P developsent systess and
¢dives rtecceseandations for softvare develiopseat. Appeadiz |
ia & j3lossary of U-P and data acjiisition tersinology which
is wsed taroeghout tas pajyer.




1. §15388 RRACAIRZION

4. BEQUIRERENTS

The pucposes 02 o date 1lo9ging systes afe twofo.l.
ficet, tae SyStes sust be able to tske <ceadiags <2298 @
vacriety of paysice. sevices. Secoad, these fealings aus: de
coave tel iato a Sorm sui®able for 2ate rfeluction and cuses
isterpretation. The OOV.2438 use Of such e asystes is taking
dats ove: ¢x%Teseiy l03¢ IT eEIedely sSholt i8¢ periods,
filtering oe: acise, costrdlliag excecaa. events aad
ptovidin; tatular azd/or jiapaicasl owput. di° the aebove
ia ei8d, %ne follovwiag cejuicesents are defined:

1. 8 chensels 9f sanslog iape:

2. ' chennei f£3: 4igical feedsect cos=zol 3t soee exterasl
dev ice.

3. Pla:s lecguage maas/sachine incefface via serial 2a%e
saassission.

. %Sesual aad sutweecic 4cts acguisition fumctioss.
S. Lisited data maipulation.

6. Seltiplesed 4igital voiteseter function.

7. Lisited test file storage and editing.

It should De poisted oet that the s bove rejiiTesents vere
defined with the wind-tenrel coatroli fsactiom At wiad (ch.
. Severtheles s, the cCoacepts say de extended to other
applications with sinor softvecse so0dificatioas.

"




5. DBEVICE SELECTION

[} steictly hardwace-ocrieeted {apleseatatioa of the
sSyates Iequicesents vas 25t § vaiid sltersative dee to e
iabereat iaflezidilicy of sech lesigas. Larje scale coaspstet
iastallatios wes prohibitive fros cost aad vader-stilimtioa
cnasidetatioss. [t eas therefoce decided to use a2 availadie
8iCIO0pTOCOo880L - *he INTEL 8006 - °o i1spleseat all logic aad
4a%s sasipslation fuactioes. This I-P device ‘s thre heoart of
the PROLOS <Corporatiaom 305 aicrIpracessor systes. Pijece
' (s a acheasstic of the 305 systes layoet as #04i%ied for
this project. Appendiz 3 ;reseats veaior apecificatioss for
sase. Piguse 2 shows %he overall syatea layout jiaclediag
the cosmand aad comsusicsctiona liaks Ddetweean he systea
cCosponesta aad che aperstarc.

<. WPIT,OUTRIT DIVICES

The ssa/sachisne .aterlsce vas tie »oSt 4ifficult taesk to
isplesent. The wsajor 4difficelty eas 210° i{a the paysical
iaterface, bDut the language ased for two-way coessesaicacioas.
4 software 4Tivea A4350-)) Teletype was used for cossasd
enatry, data jpreseatation, and test fasctioas. Althoudh
tesetYpe Jcriving wastes CPU tise, the tise delays iavolved
ate still seuch less thaa the sechanical time delays of the
telays aal 4dciving 80239 ehich the 7-P is costrolliag.

A jc06p of eigat BEBILETT PACKADD 9%042-7302 display
ligats vas used to isplesest tae 4igital vaoltseter fuaction.
This 4.splay is esed to set asplifier gains, set aslls aad
to verily that Jata prteseat o8 8 parciculac iapet are deilag

12




psoceesed by the systes. The light diaplay is coattolied vis
sottuvacze to display dsta ia voits.

3p to eight chanaels of amalog 4ate ssy Dde asitiplezed
(DATEL 88-6) iato the sasple-ead-hold eait (DATEL SHE-8), as
skowe ia figeze ). The anelog-to-digital (A/D) coavetter
(DATBL ADC-1a9) aas V0-B1IT tesolutioa over a 20-90lt taage.
Theoe three devices sre slso 4zivea via softvacre ia otder %o
pecoide vstious tise delays betuees data sesples. The tise
delays ace ctilized to sathresstically filter oet jlow level
noise and A/D glitcres {toa the systes. Appeadis ) coatsias
veador data for tae adove geationed levices.

0. PUBCTICNAL MCHITECTURE

. gsaskal

The 2tfisaty advaatage oOf & softwere coefijured
syeates (s that its pProcessisy faactices aead /0 car %
sodified wihout estecnal ratdvare ad juacmmat. This iaplies
thst the aystes (7 a00ases & ‘Jeaeral Jurpose’ gqealivny.
Sovever, & CoBprosise sus: Dde asde Ddetveea & coepletely
qeoaers]l sjates anld oae which caa be <asily i{apleseated dY an
OPpetator wao has little Raowliedje of tcwhe operatiag systes
(08) softwate 3o of the iyaaaics 2¢ the syates fros wiich
thia pecsea (s collectiag data. Ia aotdet for the date
loggiag systes 0 be wased effectively DY studests ia o
vatiety of eagineecriang liasciplines, e 0SS veas aet @ to
optisize sas/sechine istegactioa. Thus, the opetatof hs 10
coattol svet sech parssetets ss telsy aad dcive aotot
tcanspoctation lag. Tiese pastticelar systes parssetets ate
2ined (see chapter IV) Dbut still provide wide spplicstions
asch as ptode placeneat sad sagle settiang. Althoegh odeioes,

LB




it i verth seationing thst the feedbeck ceatiolled sovenent
of a2 oextecnal Jdevice say set bde coincileat sith date
acyuisition asd tedection, as the U-P caa petfors oaly ome
fesctios at & tise. e geanefal, the iatersal data dasdiisg
of the sicrojpteocessor is traaspateat to the esef.

2. iasssaalb

Pigece & is a flowchacrt of the banic aweerical dats
Cogversiaa processes. Vote that tso levela of coaversios
take plsce. The fizet level coaverts data froe the 10-3IT
diaecy provided Dy the A/D coaverter iato a aesecicel
veltage betueea -0 add 10 veolts. This 1iatecpolation
tostine {3 called Ddefacte any Tev 4ata ace processed. The
aest level of coaversioa is accosplished vwitd 2 scaliag
goe2iae which chaanges voitage saits iato aay wait jesiced dy
the wset.  { the aser 40es 20t specify a pacticelar scaliag
factorg, the aystea defasits to wvolts for all 1,0
presentations. 3calisg faczors can de changed ac aay tise,
o8 aay Of the i1apet Chaanels; iifferent chasmtels say have
44gfecent scaling factocs.

The satheeatics pacrage esed (s {roe the IPTEL Jsecs
Libeacy asd 13 discussed ian Appendiz C. Although the mach
pectage pecrfocse all operaticas vith 7 sigaificaat iigits,
assetical detput 18 toeaded 20 & sigaificent &igics ( weith
choice of decimml or egpoaential notation ). This wvas doae
©o isptove teadability of tadulated cetput aad to persit all
eight chessels t0 Do pristed in the lisited spece provided
By the teletype. The caly esceptioa ia the DUNP coutine
(ch. III), which alseps outpets 7 1igits. This is Decasse
acaliang fectcogs of ep to 7 digits caz de oentered ] the
opecator (esise fig. O).

The decinal fortaat preseats data detveen 2.0000' and




2999. The espencatia. foreat preseats & sigaificant digits
betuees 1.000 £-20 asd 10.008¢27. 4)] sseectical eatriees M
the opecator caa be 1n eitiet fecoat , vith the esception of
chennel amadecs, vhich oze oaly siagle 8igit iategecs.

"
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This chaptes defines the cossends which the opesates say
080 te cosemaicate vith the ABL. b DEief esplanation of e
vesd is ptesested;: then the tulen for it's usage and the ADL
Ce0PpOase 18 ¢iven. The cossands ate ocfganised isto three
categeocies:

‘. BAZd A2RRINLIZZ0GE: Gsed to set scaling ead delyy
paceseters, and to Store tie segeeace of chiacels to de

scansed.

2. A06083812108; These cossanda atart wagioes types of
acquisitions pLocessing, iacludiang the voltaeter aad
{eedback coatgol towtiaea.

3. Rik} RALNZRBANSH: These ate coaveaivace feastares
which provide siaple tezt editiag end priatiag of
teptitiows table headings. They also provide adost
capatility and cotrection capability for aicspelled
vogds.

Sote that ccesand vogda are eatered ia upper cane ‘lest
48 they appear ia the following pacagtephn. UShea the ABL is
goady for a cossand, it prospts eith the ayadol >. The
co08and votd is then eateced folloved by pressiang the T80
Rey. Ia all esespiles given, the ABL-genecated test is ahown
ia pecentacses fot Lllustcation pecposes oaly. Section ) of
this coagtes pEesests copies of actesal peiatest fros tppical
gene ia ogder to ferther clatity the eoe of the caseendn.




A. DOATA 2873IBITION

This cessand is acceally the ficet eeed. It essdles
the eser to epecify a scaliaj fector se that all dats I
vill de 12 any desized sait. ) typical sequence 3¢ coevasde
coeld asppeas as folloees:

() euge
(CRABNEL o)
(I83T/90L7) 13.9
(CBABNLEL ) ¢
(onzT/%LT) .2
(CRanszL +)

)

Thes tae uwser bhas specifield s ecaling factor of V0.9
fot chasnel 1V sald .2 for channel ¢é. The adott coesand ves
thee vs0d to tecsinate the toetiae. The ADL tespoaded wicth >
vhes 23048 teady to accept coesands. The ressult of the above
48 AL, for esedple, & )-voit japet 38 ell chasaels will
2tiat ot as J.300 oa chaneels 0,2,3,4,5,7; es 1.9 on
chanael ' ond as . 6000 oa chanasel .

3. i

this cossend is weed o @0t o Raeowa tiae delay
detvess eete Of 442 poista. The ADL takes 120 Jdata peolate
ftoe each chaanel 2384 cospetes ass avetage defore a vaiee is
peiated. Thes, the effects of nodse ead A/D g¢glitches atze

an




sisinised. Seceaese it takea ' silliseceed (as) for the ADL
to set up the muitiplenet fot & different chemnel, the JAIT
delay aust Do eoed vwith caetios ia a8 eavigoesest vhich
eshibits peciodic aeise. If cely cae chassel is scasneed, the
ti0e beteoen data points vill de as entecred. Novever, if all
® channels ace scenned the tise Detvwees 4ats poiats oa a8y
channel will be the desiczed tine plas § 88 ( V' as for each
chassel) .

). §B1 Ml

SET SCAP is & el pecpose toutine. Tirst of all,
3f & 91T coesand has 30t Deea i1s3wed L® will defaslt 0 19
88 a8d se2d & aessage W he Operator: othervise, it
ptoceeds to the BeBt step. The Ooperator is thea Jives 22e
opfortenity to specify che type of oetpet forsat, nasely,
esposential of Jdeciasl. 3Secoad, °ae AL asks tae opecetor
tO Lapet We ChABAGLS W0 20 5CLB8¢d 1n the Jesirel seguence.
$30Ct108 [ presesats s00e typical esmaaples Of SIT SCAS usege.

D. ACUUISITION COBRANDS

This 4s the coesaad ased to atart the voltaeter
fesction. A typical eatry wowlld look like:

caasenL +) )

Shen the DETURY Rey is pressed, the digital display il
follov the 3Jeta ot chesael ) (42 voltae). fhe diaplay is
eplated every 10 o8 and takes the data tardugs o &)
sictosecosd wviadoe. @hea the display ia 12 operatiocn, a9y

2




aoise oa the iapet will ghow wp 88 & Capidly chasgiag digit.
This 1a wslibe sost &igital voltaeters which iztegrate the
fapet over & ssall tise istectval aal presest as aversge
toading. This iategratioa process say effectively sask aay
80489 dovs to (faicrly low fregeeancies, deperdiag 22 the
voltpete: being ssed.

The @8ia use of the adove fuaction is to set Jaia
1iaitas o8 the iapeta. To tratsler cossand bdack to the aser,
a8y key oa the teletype can be pressed. The ADL reapoais
oith > aad is them teady for another coesand.

2. scal

SCA8 s wusel %> saswally costzol the tadbulatios of
data. Uzoce comsead eectry, the ADL Crecis to Bee Lf chazael
essigasentas Dhave lteen ssde vig the SET SCAS rostiane. If thae
check i3 negative, 2 aessaje is seat to the Operator and the
ctoetine i3 aborted. If che Check ia positive, deadiags are
pristed oet Witk <the Proper apaciag for the fesiced
aeoerical forset. The ADL then waics for a WRTURY at which
tise & set of data 13 taken, averageld and pricted omtr eith
the proper scaliag factor applied. The priater casriage ia
thea positioned at the el of the liase 02 data 80 the wser
847 eater ady ccoseati. The sest se of data ia takes wdes
the BRTUSES aey is pressed. Jefore osack liae of data is
peiated, a thtee Adigit coeater, called the cooziimation
asebec, ia isczeseated astosatically. The $S2T SCAB croetine
ia esed to cteset this coeater to sero (also astosatic).
Thes, tepoated calis to SCAS of BUF eill heep 2he countes
fadesing propecly. The SCAB ctoutine (s tersisated DY
etteL ia¢ the adort cosmead.

). a1

b3 |
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Channel O was internally defined as the feedbdeck
cheanel for ADL coatzol of sose esternal 4device. ?The
opegetor iaputs the desited position (speed, asngle, eotc.)
88d the ABL will provids the logic secessery to 4rive the
device to withie ¢ A/D couats; ' A/D conat is equal to V.22
ailidvol: (a¥). 4 sasple is takea every 0.4 s 30 the
sazises slev zate at the {aput iz liaited to 6.V a¥/sec {2
osder to Jeazasty coavergesce. This roetine is veeld mainly
to enseLe slev Tates Bre 230t eEcessive and that external
device oacvesen: does 20t exceed acceptable limits. Chapter
v presects 3 4detaileld tlowchar: of %ae feelpack logic used
ia the ADL.

30 smeersally calls the SCAP and BOVE coatines i
gsepetitior is ofder tc astosate the cadulatice o0f data ot
seny Jdifferen positions Of az esternal 1levice. 1 typical
4ats o8y seguence 0z UF could he:

(START POSIT o) 9.0
(ST00 7087 o) 7.9
(I8CRRABPT ) .9

Sote that the start position 40es 20t aeed °0 be less c0at
the stop positioc. Also 30te tWA° the iscresencsl sovesen®
is 13 abdbsclete vaiuve. Upon eszsecucion (tae DPITUBY key) tae
0L prists oet colees headiangs aa defined dy the SI! 3CAB
toatine, tleuvs tae oxteraal device 20 the 3tart positioa aad
stagts cabulatisg dets st each of the positions betveen
STABT sad 3T0P. Yhea the atop Ppositior data haeve Deer
fTinted out, cosland is teturned to the Operator.

a8




C. PILE SALIBTESANCE

The tfollowiag cossenls ace aned to iapet text
iatorsatioa asd cossents.

‘. a3

Yher the sase Leadizg inforsetiot will appeacs s
pecst of 2he Socusestatior of each ctua, EDIT is esad ®c encet
this irzfogreation for laver use. Afzer the desized tex: has
peen eatered, the LINE PEED (L/P) <oy is pressed, foliloeed
9y the 227080 cey. The L/T? is needeld imternally °9 ®asx the
oné of the file: this s the oazly fou%ime that <cersitates
vits oOther thaz ‘us? the BZTU2W aey. I¢ the L/Y key vere
a0t used, the ecie Duffel space (.5 chazectecs) woull
priat 2. At %his %ise, L¢ ctne ZED-0OPF-Fil! syedbol were no°

4etected, ar eIIor dessaGe ¢o0udld be semt %O %he OPpeCAtOl.

The 1IDIT sode C3:= alsc De usel 0 change oI CITTect
the tex° at say tise. The Toz%.ne s eacefel via °ha coemand
vocd; *he COBTROL st 2 weys (crtcl-2) 1sTe pressed
sisultarecusly %o s%ef =Tougk *he file. Wher the rOper
place iz the ezt 14 Zeacned, the RUBOTT tey (s pressed,
tees the Bew character is estered. ¥ote that 2his enetIy s
so?t inserted betweer t9c characters, Seu® crather ({°
oveLeIites; 23y 3edeE: 2f Chatectels car be Ieenteted. Ir
order o exit he fouwtine pihout Wsing the L/P Rey (wkich
vosléd trencate °he <Oxt}, %he crtrl-A &eys are wsed.
Sectios D shces the coastrfuction and edit of a file.

2. Rakd
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The test eatered w9ith %he 31T coesasi 15 priated
ot wpoa esecstioa of PILE. Tvo liaes ate skipped
automatizally at °he begizning and at the end of the file.

). aeee

fzecutios of DJUBP will cause the conteats cf tae
coasversios factof tuffer %0 Dbe printed oz he Celaetype.
This esables tae 3ser 0 verify °se scaliag feaccors enics
ate Seiz=3 ajplied 0 eact channel. Vusders aste prianted wica
T sigrificant d13its.

.. 21233

This ccesand (s estecited auicematically 1pot systes
Ceuet of ehen powe: (s applied. ALl the Ca8 3Zea i3 tes:ad
2y tirss eritiag GOM =0 each location, cteading (* dack ad
ccapatiag the resule eitd JIY%; tae sase rocess 14 Iezeazed
oi%h PPN (appecdis . comtaizs aa esgplansction of nesadecisal
aQ0tation). If en eCczOr eete 1e%ectel, che contents 9f <he
388 locatioer eauid Se priated 99% aloag with ita ediress.
Thi8 enalies ‘e Opezacol o idemcify the pafticular circuic
cosponett wkich a8 salfuactisaed. The coutize caa also de
ecrtet el as a cocesand, dut ase 3¢ *hils faaction cTesets all
default values jJust as 3 s7YS%e8 Tesec.

S. GERBA:=)

The atoct coasend (s ssed to tersinmate execution of
all toutizes ezscept 078 and BEZAD. $hea he cmtrl-) seps ace
useld, cossand (s tramsferred DACKk ta the operator and tie
systes Tesgonds with a4 >. The RUS coutine caa oaly Dde

P{ )




tersisated oith a systes ceset: °he RAD crostine is
tecsinated Dy preasiag asy of the teletype Reya.

o. SEIBA-B

72088183 theSe t¥0o ieya cavdes the phrase 203 NO. to
be priated. The keydboatrd is taea opened fOr the 12Bertion
of any desited alpha/nweeric siangle liae nequence.

7. SERBAS

Thia cossaad causes ©%%¢ 0 pe yriated 11 order %o
tlag a cosseat. Bote °hat this (s & coseasd coutiae 3ad can
only de entered slter a > prompt dy cae ADL.

0. S3idach

?Te8aing °hese ROys Causes &n intetmel cowncer °o
sdvarce fofwatd °arougk che input deffer. Ia his sasanes,
the coatents of mesory c8a Je 4isplayeld (see IDIT).

Y. 1526E2

Thiz Rey (s vsed seialy %0 cofgect spellisy ecTore
O tO cotrect 3ata estfies withowt abortiag a rostine. Par
02a8ple, 48000 the OpELatOf wante to enter 3CAD de® 30ticCes
that $SVAS has Deea typed Dy asistake. The 2LBOUY Rrey {e
ptessed :hrfee tisean. Lach tise it is pressed, the previously
eateted caagacter is printed and as i1aternal coenter coenss
backwards thtowgh the iapet Ddaflfer. The opetator thea
tetypes the correct letters (CAD) and the correction ia
coeplete. The teletype eatries would thea lo0ok like:
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SYABRAWCAY

Shes esecuted, the ADL will oaly see SCAS.

Ccosand vord tecogaition is accoeplished dy sessing
the bdisscy codes of esch of the lettecs of °he vord. The
tesult is thed coapered with a list of velil eeds ehich are
Conataiaed 13 S0Rery (Checi-sul). siace the result of a
sessation does a0t jepend on tae ofder of the asddesds, the
lettecs of the coemand evord say e eavered ia any agder
(0.3., 3$CAD, BACS, e%c.). Althowgd tiis pehod couwld lest
t0o 8881 quity jrobleas, the vocedulary 3f the AL (s ssmall
0808gdh 0 jrevest secCh 1= ‘scotsisteacy. day cosssed ,test
or 3data eatfy caa be odited with the JUDOUT Rey a4t any tise.

0. LIampizs

The figuztes ‘ollowia; this section afe ccpires of actewal
AL sessions. All MAdl-gemneratel sessajes are underiiaeld tare
first tiae they appesr for illistratiom peurposes oaly.

Pigece S saoes 3 JATA OQEPINITION seqQeence. The J¥3°
Co0a0d eas uwsed ¢ overcide the vol® default >3 chenaels
0,% aad 2. The SET SCAN row®ire vas ssed to selec: decisel
foresat snd to segquence channels %,7,J,3,0. BOte thet the
chsnsels 40 nct seed 0 De 18 any parcticular sejeuence asd
that ose chassel 8ay be used sote thaa osce. The uwse of o
chessael sore than oace essbles the waer to chech the
effect ivepess of the 2ao0ise fillteriag algotithe ia a
pecrticelar applicatios. Ia this case, 3ats ‘tskean o8 tae
fizst chassel 6 scas v.l]l de 19 sa Ccwt Of phsse eits the
secoed chansel ¢ scan ('S se foc the delay porasetes a%d s !
sa istegcycle delsy for esch chasael). The operstor then
esed the wsit towtite t0 chesge %he wait psrsmeter to } sa.

20




The ssbsegsent call toc the 38T SCAP tostiane 414 sot prodece
the dofasit oessage (ladbeled A o8 the previoes call).

Pigeze ¢ shove o typical SCAD sejuence eiich Tesslted
ftoe the coosesds eateted froe fig. 9. SCAN was ised 20 %ste
S sets of 4data, thea ROV vas seed to talke ¢ sets. It is
fepettant to sote that chanael ) pust e facluded ia e 3KT
SCA8 Jdefiaition Ddefore 209 (s ezecuted. This is decasve
chasael 0 is the feoodback path for the digital ccatrtel
fsact ions.

Pigsce 7 shows the QLD. ctespoltse o ieptoper (spets.
After & creset, °he Gpecator Tied *o egecete SCAY eithos®
ficet defiaiag the chasael segueace. The 3est oegadple iz
tais figuce shows at iavali? cossaad folloeed iy soee
esanples of wsing °he BUPOUT Rey to cCoffect various eatrles.

fIa fi¢g. O cthe opetatot 454 cot wuwse s LIBE FRTIED/BETURS
SOQOPRCO O BAIR the o2l Of ctbe test. 2o resuicisy call o
PIL8 is thea shows.

Figuces 9 acd 1) presea the Jata o8 & eiald tisael
calittatioa session. Pigscze '! (s & jTeph O0f the life Sate
(chasnel 1) vecsus asagle-of-attack (ACA, chattel ). Patice
that the scaliag factors ?3¢ chaatels 0 agld 2 weie selected
80 that thelf regpective Outpu® eow.d Do ceald in legrees and
posads iitectly. Pigete 12 shows & ue ehich atilized
ezposet tial focrsa-.
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W&W

-]
'y |
e |
WIT/VOLTY = %00.
Chaeil ~ 8
WIT/VELT » lea
Chmpse L. -

> S8 Can
‘T romaltiv 0 W

1 9
SOPUT CHANNEL S 1Y LESIALRD ORSEN
YR TR I TR )

TYPE “3CAN”

Gl READY TO Tadl Lalta.

Prjece ¢ DATA JQeIBITIve TRAMILYS

1T

Ok MU




> SCAM
S 8 G |
ai c 00907 -89-90
ae « QU7 <8999
anl « 0907 -860.09
abe clll0 -80.07
ae clil® -89 09
* M

el

.08

e «0)

@ « 0 CHe |
Joe «0098 -0% 00
@ <0090 -0% %
i) «0300 -80% %
[s 1] «0097 -89 a4l
0l0 --0008 -82% 2
»

Pigecte ¢ -

Sile B G 2 Gie & Gile 3
1.0 -.0%%¢ + 039 + 000¢
*1:306 --0%% + 09 +« 000¢
1336 -.0%78 + 0200 - 0000
°1.8%0 -.000) - 0alo + 0006
1103 --00P +0age *» 0000
Cu. 8 Che ) CHe & Ce
*il-860f --0%08 P X « 0006
©c100:0 °--J30v --1800 + 0006
00178 1018 <0187 + 0006
8719 -.0809 -.0ade + 0009
-88- 10 +0e10 0108 + 0006

SCAD ABD 0B ZNABPLES

»




e ASSETs AL ChANNE. (/0 18 “VAL13" eoe
» 3CAN

»

LAY OETYEEN DATA POINTS © |9 NS (LEBFALT)
T FOMNATIY GA W) T N

SVt CuatvEL.S 14 0BSINED OCROER

°

OISy ASALY TO TAxE DASA., TYPR SCAd O MDD

° NN

NAhT POSIT o 1930081190
N P08IT o .00
WCAIENT o .09

Pigege 7 - 1RP00PED (WPUT siARPLS
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> BT

BNis COMAND (8 USED TO luPyY
XY wiiCxH (8 VSED Y TINAS
TBING A LATA LOSSING 33881 M-

S8 “PILE” COMMND 1S VUSES T0
Gl M8 TERT.

S COMAND 15 USED TO (NPUT
WY WNiCn I3 UBED NamY TINGS
SURiNG A GATA LOGSINE 38831 @M.

S8 “FILE” COmANG 1S USED TO
@CaL. ™™g TEXT.

> 8B4t
BNE MBI TTIYT 18 VISSTVYTELEIA.

o PILE

NE MB®IT (3 BErL

>0

e ASEY: AL CHAIEL. 170 iv “VAA.T3™ eoe
> EBiT

1002020000000 00 000 RRRRRRRRRER!

> 8B¢T
TITTITT CIThL-2 USED 4A8AE
s PILE

TITT GIThL-2 UWBEL NERETTTTITTITY

S 18vapiD “PiLE" TRMNINGTIQY

PLjece & -~ BOIT ASD PILE CRABPLES
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» PILE

Bits 1S AN ExAnPLE OF DECINA.

MIC SXPOIBNTIAL FORRAT.
D E09008060000P00906600990060060

> 387 SCam

LAy BETYEEN DATA POINTS 13 A8 (DEPALLT)
}|" FOMMAT(Y OB ¥ ' N

weuUtT CanELS N DESIAED ORLER

ots

WIlN AGADY TO TAKE DATA. TYPE “SCan™ Ok MM

> SCaM
o CHe O CH. | Cn. 8

@i <903 --0413 --.0019
@8 -9:03¢ -.06i3 --0010 3

> SET SCam

Ay BETYEEN BATA POINTS « 13 NS (LBFA T
‘FT™ FOINATIY GR ¥ Y VY

mOUT CHANGLS I8 SESIAET GREER

> SCAM

o M. O C. 1§ C. 8
gt -9-0% 0 1008-08 -2-1108-0)
@oe -%03 ©8: 1308-05 -08.0008-0)

Pigete 12 - CEIPOBRETIAL PULRAT ERASPLES
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Iv. S1A2 T9RERL ARRLICAZSRZ

The AbPL systes was coms®°rectel iz oIder to facilitace
datas acgsisition and docesentatioe fros tae 3.%5 x S5.0 foot
sebsosic vind~-tutsel loceted ia tae Departasent of
Aeroaaetics 4t %he Baval Postgteduate Schoal. Loggiag 4Laca
by hend fzrcas the tuanel Delance i1s tise comsuniang, error
iaduciang eanéd produces sosevaat diese’ a4l sce:tered Tesults.
Other releated prodless age:

1. DPersonsel COSBUALCA®iORS iC 4 ROlSY euvifOonsenc.

2. RNete: cteadirj wewhile the juaatity 20 De 3easuced is
sS4l jected tOo ranlos peItuldacions.

J. Tuanel heating luwe %0 L0f; TR 2:8eS.

4. Tise corsesiag 402 se°°ing.

The 290. effectively eliaiaacel all °%e adove prodbless
and {3 additioc it proved 0 Le versaile encugh 2 e used
a2 & 4data lo9jer wi°d other egiipmeac. Pigure '} s a
pictate 3¢ the 4JL .as2:wllaztion. It fits compectly 11220 a
toll-ero0uds cabipet a2d Cejuires only a steadars 20 s
cetrent loop, 110 bewd /0 device (e.3., & teietype), aad
petch cotds to coaaect (Tt O the vOoltage soulces it is o
eo8itort. PFive variadle-gsin, linee: asplifier cards are
i8cluded to provide loe level s.32al dDuffering. Voltage
808ZICos cas be cosaected °c the AL lirectly or patched
thtougk a3 eaplifier, as loag as 2he iapet egcursions 4o not
egsceed - 10V to 100,

The tfeeddeach coattol tuactior is lsplesented via °wo
output lices - o8e ladeled 7P and che oOthe: labeled DJ0OUS.

e




Bachd 1lime carries en inlependent lojgic level vol:age ehich
13 uwsed tc ac2sate s Zelay. The two Celays .z tuta afe used
te com2iol tae directioam of a sotor. The desiced feelddack
quaatity (i3 this case posicicam) is iLaput tc chaznsel 0 emic:
closes te digitel comtgol loop. Pigure 16 s & decailed
schesatic of tae AOA control as uwsei It the wind tensel
systea. o Jdate, the ADL wves ased 0 cCalibiate he wind
tusael talance aad the Jyassic pressute 2atsduce:r [ V).

39




A - Mplifier cards and
A D modules

8 - 809 Microprocessor

- JK PROM asmor
- T
« A/D, somple-and-hold
and multiplexer
P « Linear wmplifler
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A = ANG _E-OP-ATTACK _/

Pigute '& - ABGLEZ-OF-ATTO.E TFEEDROLE LuOF

e




The asseabled prograa iioting for the ADL ia pregented
ia this caapter aloag with flowchatrts for the sost {sportant
tovtines. Thzoughout the followiag pereagraphs, frequeat
teferenace (8 agde o %he ‘positica’ of st extetaal devico.
*Positioa’ s wse! for iillaustration; speed, sajgle or sany
other at:ridbutes Of the s%a%e 3f 32 external device cae De
used as o feedlback partameer.

Piguce 15 shows the sverajiang process uwsel (a1 the filer
toutine. 4 rum3izg sud 18 *scec 3 126 data potaca. Iats
SeR 18 *Len divited oy 113, coaverte! >Sach o bdiascy aad
stoted as & °*vOo Jy%e Jaiamrti'y .2 regiscers D azd L. TYhe
Biaely regresentation of e <CiTreac lesired ;ositiom of tae
esteraal device 15 ecalled ?:os wesvory asad stored ia
tegiscecs 3 aad . IJpHo2 exit fIom ®the Toutitce, t3e registeca
8fe set JIp °0 ccoapare *he sctual sad desiced josicioms L2
order *c deversinc 12 wiict 2irection to maove °he external
4evice. The ‘0P driver (s a3ex® showe. [° sakes ase of tae
7Tevioss sebtowtise °0 Jotaearmine vhen the lesired gjosition
nas bdeea Teached. % ;osition cortection row®ite {a fi3.
17 4etersines L{f *se position alrived av DY %he UP o1 DOUN
toetines has oot predefined errort criteria. There are alamo
toetines tor the DCEW® 4irectiom that are identical to (tigs.
16 and 7 (emcept for the digectior of sovesent). The R0VE
toetine io ic f1q¢ 10; i1t providea tde lO9iC aecessatry °o
psopecrly call ke IP q2d DOEB toetimes. Pligures 19 aad )
ate floechatts oOf °he 209 :rostine. RUP provides the
sutoPAatic cCMtrOol fumctioma of the ADL by calliag SCAD aad
BCVEL at enternal ievice positioans jefinmed ¢ the wser.

a2




send stop command
to relays and ake

cating
point and store

Te? /1208

Pigute 1S - ©9O0ISE ABD GLITCR rFILIES LOGIC

e)




L
[ sammle channel

Pigece V6 - ‘00 BBLAT JelEe LoGl




Tamp %o
P routine

small open-
loop =zoveaent

to within 2 counts

PLjece 1Y - DUEBSAOUT/JINORESNCCT (ONMRRLTION LOGTC
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convert to floating point
and divide >y the channel
C conversion factoer

actual position
O - actual position

position in Jesired units

o control
CNTRL)

. -p

Pigece Vo - CETBOBAL DEVICE CO®T2CL LOGIC




ST « start position
SP = stop position
) G : e

column headings

figete 19 - 208 POUTING LOGIC ( 2anT |)

e?




call 3CAN to print
set cf data

M BG e

call 9

e

Pigece 20 - BUB 2OUTINE LOGIC (PaRT 2)




The foilewiag softeete eas deveioped is aeell
tadeyesdent sabtfoetines. This ees Qome o0 °ne° futate
gtevisions tc logic couid de sccoeplioned eitt s sisisee of
tedesijn. Potr eseaple, 1f a lide printer (s oalded to the
eystes, all tefeftences 0 sebdtoeise CO (comeole d2etjut) ate
Cchasged 8¢ taet the aev towtiae Cad e called. Tae RQUATM?
tadles ¢t the start of each eect jor 5f softwsre are dodilied
2o refliece the olitens of the new fO0tile, o0d the sOfteele
is thes crecsaearled. Sialle: jrocedures cas be ftolloeeld o
aitet I/C ensijreent, 184 osew toetises, etc. Seooy
feqeitenents tor the AL softeare alo a3 folioes

1. Peges 30® to OPR, 002
oe. Pages 203 c0 218, MO0

Y. DPages 10N to PN, BA"

This projres ees cospllied oe tae INTLLLEC ¢ sicrogtocessor
developeent gystes 3L “he 6334 71-9,

(3]




——

g:sg

'

' . THiS SECTI08 COBTAlNS
¢ SUBROUTINES COMROS TO ALL RAJOR SECTIONS
3

'

ahe o
xlll’ oV 08PN tF.P. 101T1ALIZATION
L0 oy 036BN 1LOAD F.P. ACCUR
st oV 333N tPLACE COBTENTS OF
tF.P. ACCUR [8T0
SRERSRY
jes SOV 04N tCHABEE BCD Dala T0
tF.P. ABD LCAD ACCUR.
o, S0V OT0FN ICNABGE F.P. DURDER
170 BCO DATA STRING
ad E0U 030 tF.P. ADDITION
9 SOV 030an iF.P. SUBTRACT]O®
0’. E0U O038CH tF.P. MULTIPLY
-1 4] 8L 030 & tF.P. DIVIDGE
ast eV 01N sCONRASD EXIT
s CCOBTRGL A)
SCHAR U OdM $1STOP CMAR
ST feU 1A tCNARACTER SUBSTITUTION
t(coathOL. 2)
S$TACK U 10A0NM IVARIADLE STORAGE
JUNP QU 10F DM tVECTORED JUWP
1¢87 U o™ tLIGNT TES?T
am (7 tOISPL BLABL]I NG
90P80 KOV 1040M t0ECINAL OPERABD DUFPRR
STORE £GU 10%@M 1TENP DUFTER
REBLT £QU 1070M tDECIRAL ABS BUFFER
TaiE E6U OFOON 1TABLE OF VALID COMRAND
1CODES asD VECTIORS.
1OPERATIONS
sCand EeU 10C0oN tOUFFTER COaTAlnlng
1CuanagL sCaa 10FO0.
crw E0V 1090 tCOBVERS 100 FACTORS
e’ teU Pu sRUBOUT ChaR
"TEST U ogeENn tRAR RERORY TEST
 }
t RESSAJES USED OY Tuis SECTIO8 ARL ABBOTATED
t AT THE E00 OF THE PROGRAR LISTIDG
kﬁ" oV 2¢00N
LERR SOV 260034
LOGOT [EOU Zéagm
]
20 ocenm tFIRST 108TR : 0OP
QNIET: z} & ,0FPx tRESET TTY BREAL
[ ]
caLlL TE8? 1CHECK DISPLAY
witi: cCall €I tWalT FOR OPERATOR
caLL nTIst tCHECK Ram




Og

RRRERERESRRENS

0045
00se?

o040
04F

;

4

0034
00%7
00%
00%0

00¢!
00¢ e

0063
00¢?

" _ — |

:

1 ECY
446000

LOOP I

Cres o0 @8 @0 @0 o0

(o=
L]

START,:
AXs

t ‘OfLAaY’ TTY DELAY LOOF
t DELAY PARARETER (8 °D°
t PROVIDES S®S DELAY.

DELAY;

10PVT,

CaLl BLANK
caLL Imt

Wi n
LX1l N,8CAND

LRl N ,RESLT* 1S
+SCHAR

1 n ,CPOF
. D8

Wi R 8IN
Al
L
Lob
[ ]
LOOP2

Wl
(® !
wi
Lxl
wi
w1
lm
R
JR LooP!
Lal
vl
wvl
nvl
abd
~ov
oce
JU
JIP ROM

‘Cl° CONSCLE [8PUT ROUTINE
80 RESTRICTIONS
REIISTERS: A,B,C,D

OUTPUT: A,b ASCLI

Cd =20

in & 1GET START BT

5,4
caLL dELay
CALL DELAY
aet

mvi D,0C 3k
o Ting

————

$CNECK DISPLAY
t118iTIALIZE RATN PAC
1AND BEFALT VALULS.

t110VALLID SCab FLAG
1°WALT® FLAG STORAGE
11908 DEFAWLT FLAG
$F1LL COBVERSIO8 FACTOR
tBUFPER Wit 1.0

11.03810000000

1ISTART

$172 DRLAY
1817 Count
$CENTER OF ®EXT bIT

tROT InTC CARRY
s 3ET BUILD-UP WORD

$STORE

$C3C~1

$CHMECK FOR LAST B8IT
IRASK OFF PARITY

3l BT TiM




SERE

0071
0073
007¢
0078
oo™

i8328%  gEgEagEqils

1562
9

07

MALF AVl 0,062N 1172 BIT TIM
TiInE: OCR D
JEZ TImE
RETY
‘CRLF° OUTPUTIS A CARRIAJE RET and
LINE FRED.

18PUT: 80 RESTRICTIONS
REGISTERS: A,0,C,D
OUTPUT;: A:zFFPN ,B:0AM3C ,D:0

CRLF: Vi B, iCR
CaLL €O
AVi 8 ,04aN sLF
caLL Co
RET

*CO° COMSCLE CUTPUT ACUTING
18PUT: WORD 1S 7 BIT asCl!
STORED I» §
$ REQISTERS: A,B,C,D
3 OUTPUT: AzFFN, B 1S SAVED, C,0 = C

3
Cos ROV A, tFEICH WORD
ORA A tCLEAR CaARRY
AVl C, ki 1617 COUNTER
RAL 1START BI7
SEads out s 1Ix To TTY
CALL DiELaY twall | BlT Timg
RAR 1POSITION BEXT BT
CPl OFFNM 18ET STOP EIT
pCR C g<zC-4
JIR sted 1SEND 1F 0T 008
REY
H
§ MOBITOR EBSTRY POIXT AFIER POMER O OR NESE?.
3
noe: CALL CRLF tRESETY CARRIAZE
LX: N,L8007 1START [9FORRmATICS
CALL LIST
CaTRL: CaALL CRLF
LAl W, READY $ACK
CaLlL LIST
H
§ GET COMRARD WORD AND FORR JUNP VECTOR
3
RECOJ: CALL QOET
! 8,0 11817 CNuECK SUm
X! k,00r80 1POLAT TO 10PUT BUFF
RLOOP: ROV AN tPEICH CHARACTER
CPl SChan 11F DOBE SEARCH
42 SRCH i LOON-UP TABLE
add b sEL8E BUILD CHECK Sum
‘N.V 0,4 tSTORE Cx Sum
L

o




0003 e4aA00 JUP RLOOF
0006 2MOFICO0 SRCH: LX] M, TaABLE tPOINT TO LOCK-UP
o08A C? SRCHL: MOV AP
0088 3C00 crl O tVALIDITY CuzCx
0080 €8D0L00 42 ERR
00COo 99 cwr o ;{COMPARE CMECK SUR Wl Tk
00Ci 68CaA00 42 VCIR t TADLE. IF TRUR, WP .
ooCe 30 1o L tELSE 3T WEXT
00cY 30 1o L
o0C¢ 30 1 L
00C? 44D ADC JAP SRCML
00Ca 30 VCIR: 1k L sPOINT T0 LOW® ADD
00C3 CF ACV BN $1 SAVE
00CcC 30 IR L tPOIN] YO Nl ADD
00CD D7 nov C,n $ SAVE
OQCE 2£1036FD LXI M, JUNP tPOINT TC JumP LCa
0002 3t aee NVl N, e
00D4 3¢ 1 L $LOAD VECTOR |
00d9 Fs NOV N, B
oobs 30 IR L
ocD? FaA nov R, C
0008 4€7120 caLl cuLF
oD a4FDID ExXsC: JP JURP $EXECUTE
O0DE 2£2€3603 ERN; LXl M,LERR tERAOR RSS OUT
O0E2 445800 caLL LIST
00E9 449700 JIP CaTRL $TRY AGAIN

H

¢t TN]S ROUTISE 1S USEC T0 OUTPUT

t STRINGS OF ALFA-8UP CHARACTERS
O0fs CF LIST: nov B," tOUT REGISTER
00EY C? oV an
00ka 3CO0 CP1 SCHaR 11F DOWE RET
00EC 20 RZ
00D e€7COoC caLlL €O tPRINT ChmaR
00F0 30 IR L tPOINT TU aEXT
00F 1 48E80C JEE LIST $CHECK FOR PAGE WAN
o0fFas 28 1R N
O0F9 44L800 JP LIST 10L [ "% 0

L]

t "T° 1§ USED TC LOAD BUR DATA

1 16TC DOPND OR LABELS l&T0

3§ ABY DESIMED BDUFFER. IBSERTS

t ‘GR° AS INE STOP CHAR.

t BUPFER CANBOTY STARY AT XX00.

t DOES BOT ECMO A CARRIAGE RLET.

t ‘RUBOUT® ERASES PREVIOUSLY ESTERRD

t CHMARACTERS [0 SUCCESSIOb.

t °CONTROL I° 1§ USED IO DIsSPLAY Iwe

t CONTENTS OF Tni GEXT REMORY LOCATION.

t RETURGS WiTH LOW POISTZR AT SCHMAR.

]
00F8 2£10364C HT: LX! n,DOPND 1DEFARLT BUFFLA
20FC &6 HETD: mov £,L tOESIRED BUSFER oLuTRY




00FD
0100
o102
0109
0197
0104

clacC
QL1F
ol
oLia
o119
ol16
cily
clLia
cLis
ClIE
QutF
L2l
0124

oL29

o128
c129

ci2C
o120
o128
c12r
c132
0133
CIRY
c137

o134
c138
c13D
o138
cleC
olal
Cla2

464500
K
€82C0!
3Cal
689700
Cia

68101

c?
3COD

1430
Fe

443401

catys

CaTUL:

CatTua:

caLL Ci
CPl RBOUT
JZ ERASE
CPL AT
47 CautT™L
CPl sUBT

42 CatTua
CPI SChaR
JBL Catul
ROV N, A
RET

caLL CO
"oV 2,0
1§ I
JRP CNTY
mOV AN
CPl SChAR
CZ CRLFeY
8OV B R

caLL Co
ISR L
JW Caty

$1SAVE LC POINTER
1 TTY [Pyt

1IF RUBOUT
tTHEN ERASE
1COMNAND EXIT

t1DISPLAY BEXT CiEll
370 ALLOV FOR
1SUBSTITUTION,

$117 DONE RETUAN
{STORE STOP CHaRr

tECKRO OUT

tLOAD [wPUT

sPOIST TO mEXT CELL
13ET X7

tCHMECK FOR tOL

g7 TRUR JLIdg-?iERD

$10I13PLAY CONTENTS OF
$CURRENT CELL

31700137 TO wex? CELL
s 3ET ®EXT

L
$ 'ERASC® [S USED T0 AUB OUT aAa
t INCORRECTLY ENTZIRED ChaR.

ERASE:

ECHO:

PO 0 9o OO o9

STRIA:

2% 0 @O o

DCA L
OV A,L
cwP E
JUC ECHO
IoR L
MoV B,
caLL co
JP CHNTU

OV A N
CPI SCMAR
RZ

SUl 3om
ROV R,A
TN L
JP SIRIP

;POLNT TO LAST lwPul
(CHECK TO ENSURE

1 [wPUul BUFZR wlLL
{ B0T UNDEARFLOW

t RESTORE LO POINT
tFETCH BAD CHaA
tREPEAT CHAR

‘STRIP° CHABGES asSCil [eT0
SPECIAL 30C USED BY THE
FLOATING POIN¥T RCUTIME

H,L MUST POINT TC BUFFER

tFLICN
t11F DONE RET

tBCD CONVERSIO®
1STORE BCD
1POINT

tGET ®Ex?

‘DISPY° CONVERTS SPECIAL BCD
FROR THE FLOATING POINT ROUTINE
TO asCi!.




o018
o1
olaa
oteC
o180
o1eF
01%
0191

01%4
0199
01%¢
0197
oi%
o199
o1%

g19€
0I15F
o160
o163
ol 6
oi1e°
o166
o167
cl1e8
cl 6%
oléa
o162
Y g
o173
0174
o7
o17¢
an”n
o179
a9m
cli7C
ols0
olsl
ole2
o186
olss

ci18d
glea
ol1eC
olsd

25103670 DISPY;,
c? DIsSPL;
3€ob

2

0430

re

30

444901

LEI N RESLT 1POIBT 10 BUSF
nov AE: (14 94~ |

c';x 117 DONE RE?T
abl oM 10CD TO asCi!
nOV N, A 1 STORE

18 L

JP JiSP

:
1 ‘BINFP° CHABGES RAY DINARY DaTa
t TO0 LoaTinG POINT

c? S10FP;
cs

30

2?7

AO

2411

706001

-8

3
68820
c2

&

12

0C

cl

12

AQ
44%001
247F
2£103629
Fe

30

Fa

30

3E00
oerr

( 1]
2£1036%¢
Fe

07
2£103¢°8
3800

07

SHiFT:

EXIT:

DIER:

noV AN sFETCH Ml BYTE

nov 5,A

18R L

"oV C,n 1FEICH LO BYIE

ABA A 1CLEAR CARRY

VL E L7 IRESET Count

Jn EXIT 11F wEaative
10ATA 1S SORM

ROV 5,4 1SavE Ml

DCR £ tE:8-1

JT OZER 1i$ O

noV A,C 1L0aD LO BYTE

AR A tCLEAR CARRY

RAL 1TWO BYTE SKHIFT

ROV C,A 170 THE LEFY

ROV A,B

RAL

Al A 1SET COTRL BITS

JAP SHIFT 1 BEXT SKIFT

ABL PN ;POS BUR RASK

LX! M, STORE~1

nOV m,A (RS FP BYTE

Ish L

noV n,C 1 BEXT FP BYTR

iR L

AVl m,0 1L.S FP BYTE

AVl A, TFNM 1IEXP AQJUST

abd t ;1DlAS-0SHIFTS

LX! H,STORE

ROV M,A ;STORE EXP

RET 1NORMAL EXIT

LX! M,STORE 1DaTAz0

vl »,0

RETY 310 EXIT

‘FPBIN’ CHANGES FLOATING POlNT

OF FP DATA UPON EBTRY

]

]

$ TO BInARY, WL MUST POINT TO HMidw BYTE
H

(]

RAw RESWLT [§ Im DE.

cY FPRln:
| 480
(o ]

0610

"0V AN

SUl sOM 1STRIP EXCESS oOM
nOV B,A 1SAvE

nV! ALl 12 BYTE BiaS




oIef
019%0
01914
o192
(1} ]
0199
0196
0197
0198
oI
oI
0198
0i19C
019
o198
o190
oia0
0l1ad

c?

e A

€7
c3

16
Ce

14
€0

Q7

°
»

’;l"..

°
o3 9

[ B

»

¢ =S} =
2eBigdissdlgindsis
(e X Z..] »© pPPpMrey

ICORPUTE ¢ SNIFTS
1848

iFoRN REMYTE
1S8avg 1Y
16T LSOYTE

IRESTORE
1SNIFT 2 BYIES

tCNECK COUBTER

—_




1070
oord
0oFt

106C

00F O
00L0

0070

01Co
diCae
01CY
eic?
010y
91CC
oi1CcE
cicr
o102
31De
o109

010¢
oils
o109
o100
o1
oLr
o110
01k}
1] 2

2L 103670
Cc?
3¢6C
Kro
680201
0610
9
440901
0630
9

Fe

3671
c?
Kre
¢8%802
oF

30

c?
iCrt
682602

DISPLAY LIGNT ROVTINES

USED TO OUTPUT VOLTAGE DaTA TC Tig
DISPLAY LITES. DATA IS OUTPUT IO

4 SIJGIFICABT FIGURES. TNIS SECTIO®
ALSO COBTAINS TNE LITE TESY and LITE
BLABR FUBCTIONS WICh ARE CALLAD AS
PART OF SYSTER BOOT.

aRa 01CON

]
t COUATES 00T ABBOTATED I INIS SECTION®
1t Can BE FOUBD Id PREVIOUS SECTIONS

‘(8\.! EQU 1070M 10ECINAL RESULT
Nl sus £QY OF DM 1°=° - 30M
oECr? EQU OF Ex 1°." = 30m
sPacCl EGU OFOM $° ° - 308
SSTAT EGU 106CNH 15138 STATUS STORAGL
$Tal EGU 06CNM 1SSTAT POIMTER
PLO EQU 030N $POS S1GA/LATCR OFF
(8 4 EGU OAM ILITE TEST Commasd
dom EQU OFON 1DEC POINT OFF masa
ProL £QU OEOM 1DP In LITE 00
oPIL £3U ODOM i1DP o LITE 01
pP2L EGU ObONM $1DP I LLTE 02 ]
I QU OTOK 1OP Id LITE 03
!
§ OUTPUT S1GB ABD STORE AS A STATUS WORD
$
DISPL: LX]l M RESLT tPOINT TO RESWT
OV AP sFEICH S1an
AVl L,51aT
CPl ninus 11F - Jume
J sEIm
S&IP: V] A, lON t* ABD DisSadLi
OUT 2¢8
JP Cuty
sSiIm: nVl a,30m 1= ABD DIiSabLE
oUT 2¢¢
catus mOV R, A 1STORE STATUS

t

t FEICH DIGITS FROM RESWLT BUFFER,
§ ABD OUTPUT IO DISPLAY LIGNTS

!

I L, 7N {GET FIAST DIGIT
nOV AR

cr1 ofcrt

J2 28RO 1iF OP, ADD LEADING O°S
nOV D A 1SAVE FIAST D13l

lem L

nOV A N {FETCH SEXT

crl '

J2 \2ER0O JIF 0P, Jume




0213
o214
0gi¢
o2
0218
021¢C
0210
Q21E

o221
0223
0224

:

SEERREEE

o¢Fo
( 3
41300

&%

c?
97

e
W

LIRS
VLAl d

sEL8E QUTPJT FIAST DIGIT

$CNECE 288 BlalTY

sExly

$
t OUTPUT A DIGIT wiln 80 OFP.

]
80P,

$
$ OUTPUT ABD LATCH

tATIACK Jala
sO0T
$SAvVE 01317

sFETCH 8iEn?

$ REGISTER B COMTAINS mUX ADD OF LITE

L
xR}
ouY
Lxl
ROV 4,®
oRa b
OUT §e2
XRl 10#
ouUT ee2
XR1 10K
oUT 82
nOV L&
RET

LITE: £.4
OF Fi
8ol

N, SSTAT

1SAVE POINT

1Data OUT
1387 STATLS

IATTACK ®=UXx [WFC
$RUX ABD Slae OuUT

$1SET LATCH

sLAICKH OFF
tRESTORE

$
3 OUTPUT LEADING IER0CS IF BEEDED
t TO CHABGE FROR SCLENTIFIC NOTATION

$ 10 FIXED PolnT,
LeO7CN

- -~
ACE
LIEN)
o'
Dom
LeTin

!

LIERG: mv]
nov
cr}
Jug
i
b
nov
nvl

LIEM1is

<R

L SEES '

sConllinmue IF ®OT ° °

sRESTOR,




:

sEsEEde

fog=segeeys

461302
X4
687702

oero
441302
367
1 €00

0800
06to
3
461302

c?
3&f0
0ko!
461302
30

c?
3eF0

461302

c?
Je&F0

o (1)
441302
o£0!

83
461302
44600<
0£02

L
461302
447602
203
0670

L 1)

ndl 8,0

Wl a,DP0L

caLL LITE

1y %

"Vl A, DOR

CaLL LITE

DCR O

5Ca ©

JT ouTZ2

im »

AVl a,000

calL LITE

oce o

JT oUTZI

1 b

"Vl aA,DOR

J _ITE
IERC: MVl L, TN

avl 0,0

]
3 I1sDIvIDUAL DIGLIT oUTPUTS

]
DPQ3s vl '.O
AVl A, DP0L
ORa O
CaLL LITE
Ik L
NOV A ,M
ORl Dor
i 8,!
CaLL LITE
1 IS
ROV AP
oR! DORm
vl 6,2
CALL LITE
il L
ANOV AP
OR] DoOm
vl 8,3
JW L:TE
oPis vl 8,!
AVl A DPIL
oRa D

CalL LITE
JP 0UT2
mvi 9,2
wvl A, 0P2L
ORa O

CaLL LItk
JP T
vl 6,3
oRa O

ouUT3:

ouT2:

¢ ¥

P

10 « | OF

1C o 80 DF

TS $8¢
$1DATA

tATTACK DAZA

IATTACK 80 DF

sEX1?

;ATTACH DATA




111

02A%
02A¢

441302
c7
d&F0
ogoz
461302

447602

0§07
3&F0
461302
0g0¢
oero
441302

o£0?
2L 13366C
810
1E0a

461302
09
soc1102
0?

ogo?
2£10366C
3830

] 144
440102

e o LITL EXIT
2: MOV A
Al odn
i 8,2
CaLL LITE

IR L
JP OUTI

'
§ OUTPUT CHABBEL BURBERS

é\‘lnl wvi 3,7 1LITE ADORESS
ORl DOM JATTACK 80 D.P.
CAaLL LITE OUTPUT CHABSEL ¢
AVl 3,6
"Vl A,DOR joUTPUT ‘0°
JP LITE

§

3} LIGNT TEST ASD BLAMK

t CALLED DURINI POWER-UP OR RESLT

} ACCUR CONTALINS THE OISPLAY DATA.

¢t REGISTER & CONTAINS TNE AUX LITE SURBER

*!8!: nvl 9,7
LX] M,$8TAT
vl R,I10M
Bel D,LY

TESTL: MmOV A,D
caLL LITE
DCR »
JP TESTL
RET

SLamt: nvl »,?
LXl H,SSTAT
n,PLo
AVl D, 0FFN tTURN CFF LI1TES
NP TESTL

End




E8D

PROGRAR SPACE 03J00M TO QTFFN
IS USED FOR INE FLOATING POlST
PACRAGE . APPERDLIX C PRESENTS
EXCERPTS FROR INE IBTEL

USERS LIBRARY,




0007
0009
1060
106F

007

013a
01%a
01C0

oFt s
orvs
oFFC
1040

1070
otoF
odét
QU
0397
0304

2¢72

A/ SARPLE ABD MOLD

THiS SECTION COnTAlng THE COBE TO PROPARLY
ORIVE THME °OATEL® (SEL TEXT) Data
ACQUIS1 00 RODULES. ALSO INCLUDED 15 Twe
“READ™ ROUTINE WHICH QEBERATES THE
VOLTRETER OUTPUT O8 THI DISPLAY LIdMTS.

CQUATES 30T ABSOTATED CAN BE FOUBD I
PREVIOUS SECTIONS.

t!:n oV IOUTPUT PORT )

LOYTE QU ? 118PUT PORT |

wYTL gQu 9 119PUT PORT 2

[ TY'] EQU 106D tRAY DATA loPUT BUFFER

NUXCH E3U 106N $DEFAUT RUX ChHaNOIL SYORE

SCMAR EQU ODM $1STOP ChaR

LIST LEQU 00&sNn $OUTPUT | Ling
1OF TEXT

CRLF EQU 007N tOUTPUT CARRAGE RET-
sLing FRkD

T EGU O0F N 119PUT DATA FROM
$OPENATON

STRLP (CUEGIRY V) $CD=ASCl ]

Sluwrr EQU O1%aM tF L.~

LYE 48 E6U JSicox $OUTPUT DATA 10
sLINT DlsPLaAY

CLITE EQU 02amm JOUTPUT CHad ¢ 1>
$°4° 10 DIsSPaY LlanTs

12 0V OFF 3 10.0

13 EQU OFFen 3 819.19

la EQU OFFCH P 8191.9

0OPRD EQU 1040M
STORE EGU 10%@h
RESLT EQuU 1070m
oW EQU O70FM
LOO E6U 0J6bn
E 3¢ ] EQU 033N

AD
50

EQU 030™
EQU 030 @

ML EQU 038&CH
olv SV I

LREAD EGU 2¢72n

‘SMOLD* EXECUTES OBE SAMPLE ABD WOLD

CYCLL, ABD [SPUTS & DOWBLE BYTE

OF RAW DATA.

10PUT: ACUP CONTAINS AUX CHANBEL
HoL POLNT TO LSOYTE STORASE




ey reee
AP D N

geiagce

¢

8
L
-

ol
el
0g 46

st REJISTERS: a,L
§ OUTPUT: °a° NESTAOYED, LaLe~}
3
3413 SNGLD: OR] i10m 1RESET A/D RODWL
» T CRO
Jei8 R} I1gm $ SARPLE
p X oyt CRP
10 R 100 1N0LD
33 oyT Cmp
& READI: I8 MOYTE
2440 ab] oom 1CHECK FOR EN0 OF COBVER?
:onu JUOI READI
I8 LOYTEL 118PYT AAw Dala
<43 ER] OFFu
(4 ] ROV N,A
3 peR |
@ I» ABYTE
2437 AB] I
-4 4 XR] Fn
(1] fOV R, 4
Q7 REY
H
t "RVI° CHABIES Rab FLOATING POINT DAZa
$ TO VOLTAGE UBITS PROPCRTIOBAL
3 10 INE RAN DATA FROF TME A/D. “WR!"
t PERFORMS THE JaVERSE OPERATICS.
3
2£1036% RV!;,; LRl N, STORE
o86£0CS CaLL LOD $AeR
2800 3¢7s LX) W,i3
o460 03 CALL Dlv th*a/81%.19
2UOFI¢Fa ux N i2
460403 aLL $5 18%4=10.0
07 ut
L i133¢I8 ] LX] n,8TORE
486803 CaLL LOD $ Ao
2OF3erse LXI N, 13
46§C0.2 CaLL mML T ITNE
280F3¢r9C LRS M,l4
440703 CALL AD Y o 2 IR XY )
Q7 RE?
]
t ‘READ’ 1§ USED FOR CALIBDRATION OF
t ABY DESIRED CnaBBEL. OUTPUT IS O8 TNa
t DI3ITAL DISPLAY b VOLTAGE UBITS.
28263672 hnx LXl W,LREAD 1PRONPT
460800 caLL LIST
re00 caLlL &7 s19PUT Ch, B0,
467100 CaLlL CALF
¢, 103640 LX] % ,00P8D
3401 CaLL STIRYP 10CD=-ASC] ]
26103600 LX: N, DOPRD
c? NOV AN




111331

[ 34
g4
|
agta
et
oS!

2103687
re

WAPOE
25103667 8EXT:

c?

25 103668
240008
69401
461008
25103670
460F0?
46C00!

L

ia
L

467100
444708

&nd

jSTORE Cn. 80.

1018PLAY Ch. 80.
1COnTIG

1AESTORE Ch. 80.
tPOIBT T0 LSOYTL STORE
1T Dala

jCOBVERT TC F.P.
jCnanet 10 voiL.TS

‘nHo'o
101SPLAY

18CAD TTY FOR 10T
18ET CARRY FLAJG
$1F 80 InT, @&T
JRORE DATA FROR
1SARE CHadBLL
tELSE PROMPT




BRaRcIRSRRREE; S

2¢47¢
2629

27%C

¢ EitpeE §

25103640

¢?
31
o
i
oF
080!

3 3a

DATA ACQUISITION ROUTINES

THESE ROUTINES ARE USED TC UPDATE SURERICAL
LABELS ABD TO PROVIODE EDITING CaAPABILITY
FOR ABBOTATING ADY JIVES AUs.

Io ADOITION, THE “WAIT® ROUTINES

PROVIDE FOR VARIABLE TINRE DELAYS BETWEED
GROUPS OF SARPLLD DATA POINTS

CQUATES ®0T ASBOTATED Cab B&
3 FOURD 1n PREVIOUS SECTIONS

!

Lr EQU Oan iLing FERD

SCuak  EQU OO 1STOP Chak

MEAD  EGU 1500» 10UFF FOR “Flis”
CaTRL  E@U 0™ tSYSTER mOM TOR
OELAY &GV 006 nllL Tima LOOF

co E@L OO0 7CH COas0LE CUT

RECOG EGL O00alr ;COMRABT RECUIBITION
#qD EGL OOFCH $INTC ANY BUFFER

CRLF EGL 007in

LIsT ESU 00K BN

% E6L 00FeM

SIRLP EGU Qi1 3anm

DOP 8D EGL 10a0NM

RESLT EGU 1070M

STack EQL 10a0R

sEvac EGU QA%F tLSD OF COORD oC.

$

3 RESAJLS

3

LERe EGL 26030
LualT  E6U 2678M
LERRZ (6L 262

LRUS EGU 2793n
Lcom EQU 279Ch

]
i "COORD° UPDATES TME COCRDLmATION
I SUMBER OF A 3IIVER RUB.

]
COORD: LXI M STACHY 1040 COORDIMATION

i SURBER [8TC
: l...C.U
OV A,®
oce L
mOV C R
och L
"oV D,”
adl | I IBCRERERT AND
3 DECIRmAL ADJUST
CPl Janm te: ASCI! 10 7




08AD 408 &08 JUC &DJ) 1JURP IF TRUE
ogso Ccs nOV B,A $ELSE RESTORE
08b: 44aCDOS JAP DOME ) sEX1T
08da 0£30 Al i avi 8,0 $RESET UNITS DlalTY
asde C2 nOV A,C 1CHECK 10°S BlalIT
0807 Ca0) ADl 1|
ogd9 3Cia CPl 3an
o808 «0C208 JEC ADJ2
88t Do "oV C,A
O8bF 44CD08 JAP DOBE |
aPc2 1630 AbJ2s my! C,°0° sRESETY 10°S D13t
o9Cae C3 A0V A,D $CMECK 100°S DIGIT
08C9 040! apl |
09C7 3C3a CPl 3Jakn
09Cs a0LBOE JEC ADJS
08CC Ds AoV D,A
08C0o Jea® DOBEI: WV] L ,wEeN0 I1STORE BEb BURBER
0gcCF o nov P, B
0820 J1 DCR L
o8dt: Fa nov R ,C
osd2 3! DCR L
o8dI ¥ ACV R, D
08D« CF nov b,” (OUTPUT ace BURMBER
08D #ETC0 c::. co
o8d8 30 b L
08Dy CF ®OV 8,”
08DA #€7CO0 caLL Co
o8de 30 I L
08dE Cr oV B¢
08DF a€7C00 caLL Co
08f2 0€20 my! B, ° $OUTPUT 2 SPACES
8k e 4€67COC caLL C¢
08E7 &€7C00 caLL <
osga 07 RET 1BACK TO CALLaR
08 183C ADJY: mi 0,°0° {OVERF L O |
08ED 44CDOS JAP DONE |
i “RUNSO" PRINTS OUT °‘RUR 80C. °
$ 17 18 ENTERED wiITN °CONTROL R°, AMND
1 EBABLES TMNE USER TO InSERT DESIRRD
t RUD BURBER [ WFO.
]
08F0 26273693 RUNNO: LXI W, LRUS { RUD BC.
08F e 61800 caLL LISt
08FT 28113600 LXI M, 11000 10LABK PAGE
08Fd #6FCO0 caLL &ETD
OBFL 449700 JWP COTRL

]
t “CANT" IS USED TC FLAG ABD eaThk
$ & ONE Ling COMmEnT.

H

0901 2£27369%C Cnal: LRI M Llom { ‘ecoee °
0909 461800 CaLL LIST

0908 2£113650 LXi W, 1000 iBLAM PAGe




090C
09%0F

0912
0918
091
091l
091D
09It
'} 4]

0924
c92?

ce2e
092k
o2t
0932
083
0933
0938
0%3a
03830
093k
0941
0%al
osal
0949
0%ee
ML
0%t
0991

46FCO0C
449700

28173601
46FC 00
46710C
31

o

3C0a
€8970C
30

30

441 605

4671300
467100
28173601
c?
3C00
68 4&CS
3COA
€8% 1%
¥
47C00
30

Ce¢
3030
€8%35CS
443209
467100
444109
4€710C

CALL GETD $IWPUT COmmEnT

JP CNTRL {WMEN DOBL, JURP
:
: "EDIT" FORMATS THE “Flit~ [NFORRATIOMN POR
t LATER PRINT OUT. USES LF AS The LAST
i SHTRY TO TERMINATE TME RECORD.
t “CONTROL F™ 1S5 USED TC EXIT ThWe RCLUTINE OWLY
t AFTER EDITING an EXISTING Fliz. “COaTROGL I°
T 1S USED 10 STEP FORZWARD THMROUGKR ad zxiSTING
: RECORD I» ORDER TC SUBSTITUT: ChaARACTERS.
: “RUBOUT" 1S USED TIC STEP BACKWARD THROUGE ab
t EXI1STING RECORD !» ORDER T0 SUESTITLTL
t CHARACTZRS (“RUBOUT™ ALWAYS PRECLtDS The
1 WES CMARACTER STRING).,
]
€01 LX: K EBMEZADe| :TCP OF BUFF:s
ZLOOP: CALL 3ETD
CALL CRLF
oCk L tFETCR LAST eATRY
POV A,®
oPL LF $iF LF, TAZM DON:
Je. CNTRL
INE L tELSE CONTIalz zwniAleS
{3k L
JRP :L0OP

K 0 00 9 @0 ®¢ 00 g0 o0 00 go oo

‘WOR ° PRINTS OUT Thz mEADE” WhICr wal
ENTERED BY THEZ ABOVE ACUTIst.

1T 1S aALSO USEC TC OQUTPUT ®|ULTI-LIM
RECORDS WMICh ZIN?D WITH & SEPARAT: _F CR
SEQUENCE. CONTAINS AN OVERRUN PRCTLCTION
10 PRINVENT AN [WFIN[TE CUTPUT LOOP

I8 TRE LVENT TNAT THE FIRST CALL TC “rOlt
WAS ENDED wlTH “CONTROL F~ RATHMER Thed LF.
COPRAND WORD »POK EATRY := SFILE"

DR : Call CRLF
CaLl CrLl
LX! n,BNEADe1

MLCOP: MOV A,r

CPl SChAR iCHECK FOB &C..
Jo MEXT

CPl LF sCMECY FOR OB
J< DOmt2

20V E, & $PRINT CMARACTeR
caiLL COC

MLt i L sBET ANOTREF

mOV A,L ;CHECr FOR OVeRRUN
crl ©

Jo tRR2

JWP H_00P

NEXT: CALL CALF teCL

JP HLI

DOME2: CALL CALS




09%a

9999
9999
395C

0920
3960

963
2967
3964

3962
a970

0973
3977
0979
397a
997¢C
a9 7F
0963
J989%
0586
J9as
J956E
o98F
399!

3994
c998
3999
J994
J99%€
99t

07

28263629
462800
Q7

462809
449730

2826367¢
4632309
22 1036&C

3230
44A 100

28 1036aAL
3293

31

3ed2
445%570C
28 1034aL
AT ¥4

3

3EQI
449700
28103642
AT
448309

28133640
9

30

oF
45670C
2!

V) ee 90 00 90 00 ®¢ o0 ®¢ oo oo o) oo

@ ®¢ o0 o¢ oo er

€« o0 oc oo oo oo

v

RET

RR2: X1 M, LERR2 tERROR m§G CUT
caLL LIST
RETY

SFILE® IS USED AS THE Z¥TRY POINT FOR The
QUTPUT OF TME MULT.-LINE RECORD &NTzReD
OITH “EDIT"."MLOOP" (S THz ENTRY PClNT
FOR mULT.-LIME RECORDS PQlnT2D TC
WITH HL. ALL SUCH RECOROS =UST ead
A LF CR SEeuzNCt.

I ADDITION, ALL SUCKH RECOARDS MUST wCT
CRCSS PAGE BOUMNDAR.ZIS.

el TH

1L 8 CalLl nDR
JRP CuTRL
“WAITT 135 USED TC STOREZ A DELAY PARAMET:IR
@ICh (35 USED BY “SCas™ !N ORDER 1I0
PROVIDE A DJELAY BETWEEN DJATA POINTS.,
alTe LX! m,LWAlT
CaLL HLOOP tPRORP T
LX] H,STACK*1s ;ReSET walT FLA3
:T0 TURN CFF
sDEFAULT OPT.ON
mVl =0
JMP RECOS :3ET eAll FACTOR
(FAGP CPLRATCSN
2% LXI H,STACK-12 :STCRE 29mS DelLay
sVl = .83 tFivk STURAGE
OCR L
oyl ™ | :COARSE DELAY
JAP CNTHL
$19: LY¥] R, STACKR=14 :STCRE 19m8 OelAY
wy! =,58
'(1:' D‘C’ -
Ml =0
JPP CNTRL
$3: LXI H,STACR=1s ;STORZ 3PS DELAY
N =»,23
JP EXIT
SVMALTT VARIABLE eAlT SUBRCUTI we
CALLED BY THE S5CanN RCQUTINE TC PROVIDE
PROVIDE A DELAY BITWELZN DJATA P2ClNTs.
WAIT: LX] H,STACKA-|3 ;COARSE DELAY
MoV £ ,m 1COUNTER
IwR | tFine DELAY
LCOP: ®™OV 0,= sFINE J2LAY COUNTER
CALL JELAY-Q
o of_ B4




Q99F 489409
0%a2 07

260:
2E1036aF
G9a9 3&00
09%AB 2£103679
0%AF 3

o980 C?

o9t 3C2¢t
0983 68BFOS
0986 JE0D
oses 21

0989 48AFOS
098C 44C60s
oseF 31

09C0 3e 30
o9C2 21

Q09CJI 48BFOS
09%Cé 3!

JI943
09a9

09C? 7
09Cs 3C2:
09CA 48D%0°
09%CD 31
osCt 27
Q9CF &0
o901 3C3c
0903 £00A0A
090€ 442009
0908 3CJ398
0908 600T0A
090Df, 3EO0
09%€0 26038
99E2 31!
09E3 C?
09€s4 3C2¢
09k« S8E209

+ OR

Al ®e ©¢ 90 ¢0 90 ©0 G0 T4 00 S0 G4 S0 G0 G4 9° OO

OuUND:

conNT2:

Sla:

COonNTy:

CONTYs
CoNTa:

- ”,’o
FOR VOLTAGE OUTPUT. ELlTHER
OR “BOEX4™ WUST BE CalLLZIT WFTER

Qﬂw'oc

JuZ VLOOP
RET

vl &
LXl N
AV n
LX! M
oCa L
OV A
ari
JZ COm
BVl ®,SCHaAR
OCR ¢

JNL CONTI
JR? S14

jo & NN

VI m,30M
OCR £

JANZ CONT2
ODCR L

OV A%
;’l ".
J8Z CONTS
DCR |

"0V A,®
nVl ®,30m
CPL 35M
JC EX!TS
JAP CONTS
CP1l 3%5H

JC XITH
MVl m SCHA?
V] E,3

DCR L

moV A"

c’l 0.0

JT CONTa

THMESE ACUTINES ARE UStD 0 ImPROVL
OUTPUT READABILITY BY ROUNDING THE
RESULT BUFFER TO ¢ SI13 DIGITS.
“N0EX4" ASSUMES DATA N0 LARZER THAM
AND 1S USED malmLY

“YESEX"
“ROUND" .

IS USED TO OUTPUT 4 SIGmIFICaANT
DI3ITS FROM THE DISPLAY REGISTER,

AB,E,H,L DESTROYZD, %O [»PUT RESTRICTIONS.
maTH IS I» aSClI

sENTRY COUNTER
SRESET OVERFLOM® 5I7

sPOISsT TO LSO
36T IT

e
iF £:0, DONE
ComPUTE D1alTls

siNSERT (RRC
sNEXT
sIF £:0, O0Ne
$POINT AT DlalT
: 1O BE CPERATED Om

tGET TRlAL DlalT
sl¥ DP 3el mex?
sELSE COnTlIwue

$ INSERT O

sIF « 9 DO %G?
s RGUND

tELSE [NSERT CR
101317 COUNnTER
tPUINT mEx?T
33ET wex?T

tIF OP GET wexl




09ES5 0401 abl 1 $ELSE INCR D1317
O9ED 3CiA CP1 danm 1IF « 10 DOme
09D 600904 JC EXIT2
09F0 k30 Wl R,30K $ELSE RIPPLE CARRY
o9F2 21 DCR § {MEXT DIGIT
09F3 agli20% JBZ Comtae

H
o9F¢ 31 LAST: DCR L $GEY LaST DI3IT
o9FY C? ROV AN
osFe 3C2% ert .’ t11F DP GET MEXT
O9FA 68F ¢€0S JT LAST
09FD 0401 aAby | $INCR DlalT
O9FF 3C3a CPl Jan 11F OVERFLOW JURP
OAO! €8130A JT EXITS
0AC4 440904 JP EXiT2 tELSE PRINY

3
JACTY 0600 EXiT1: ®mV] A, SChAR {NCRMAL EXI1T
0AQY Fs EXIT2: mOV =,A
OAOA 2E103€70 zXiT%: LX] W RESLT 1$1am OUT
OAOE CF novV b,"
OAOF 467CO0 CaLL Co
oAal2 07 RETY
oats 3ti0 EXITS: mv] m, 30mM t INSERT ©
OAals 28103670 LX]1 HRESLT tDISPLAY BUFFeLR
oAl CF ROV 8, 1S13n OU?
OALA 467C0OC caLL Co
OAiID O3 i B, $OVERFLO® DIal7
OAIF 467CO0 caLlL Co
0A22 2810365 LXl ®,STACKel* SET CVERFLCW FLAG
0oA2€¢ 3EO! av) m,1
JAa2s 07 RET

“NOEXA" S USED TO CRANGE FROR EXPOMEATIAL
FCRRAT T0 JECI®AL FORMAT FOR SUMBERS

e .l . MUST vOT BE USED FOR ®PESULTS

>+ OR - 9999. AS THE ROUTINE ASSUPES OWmLY
SRALL WSURMBERS ARE [N "E” FORPmAT.

USED TO IMPROVE THME READABILILITY OF

VOLTAGE OUTPUT,

SIGN 1S ASSURMED ALREADY OUT.

G 00 0 G0 S0 9O G 90 O° oo

OA29 2B 1036AF BOEX4: LX] H,STACKe1S CHECK FOR UVERFLOG

0a20 C7 MOV A M
0a2f 3col cPl |

OAS0 €ATECA CZ EXiTé 1OUTPUT CARRY

0A33 26103679 LXl H,AESLT*9 ;CMECK FOR & FORMAT
0As? C? OV A M

0A3S 3Cad cPl ‘E°

OASA 4Rg90A Jog ExiT? 11F %0, WORMAL &exiT
0A3D 2£10367C LXI M RESLI+12 ;GET o DECIMAL PLACES
oAal C7 mOV A,*

0A&Z 2£1036AF LX} H,STACKe1® ;SCRATCH

Jha6 | ad! sut ‘1’ 10 LEADING 0°S

OAas s ROV M,A $1SAVE




caes
caes
oaec
oA
0as2
0a%6
0497
0A%9
oa%a
0a%
oASF
0460

Qaé4e
71 )
oa¢?
Ja6A

Jaét
caér
7 R 4]
OA7a4
Ja¢
oAy
0Aala
GATD

Qas2
oAg 4

JA89

0A%C
oAl
0A%3
04 %6
OA%a
a0
QAA |

£0

3C04e
«0¢F0a
466F0A
281036
cF

0604

9

£0
28103671
cr

467C00
30

3 §
cae
8630
21
4g5f0a
Q?
oezs
46 7C00
oedo
467COC
21

48 7604
Q7
2810367
3800
97

28103671 &

44£ 800

2L 10364F

c?

3C31
€ATEOCA
2£103671
46E80D
2E103678
44£8C0

DGOV
oLooP

SKiPDs

ZERQO:

LLOOP

“YESEX®
ORDER

tad

nOV E,0
cPl o

JuC lERO
CALL IERmO

LX] H,STACKe19d

nov B ,M

NVl a,4

S b

noV &,

LX] K, RESLTe)
2OV B, M

caL o

IsRh |

"0V A,M

c’x ...

JI SKIPD

DCR ¢

JN OLCOP

REY

™ 8,
caLL CO

my] B,°0°
caLL Co

DCR ¢t

JE lLocP

REY

LI] W RESLTeS
fmyv] m SCHAR
RET

LX! N, RESLTe!
J LIS

H
i

H TO 21SPLAY VERY LARSE OR VERY 3SRalL
1 RESULTS. S13n ASSUPED OUT.,
$

Y

LXl W, S5TACKe|*

2OV AN

crl

CZ ExlTe

LRI M RESLTIe|
CaLL LIST

LX! N RESLTeS
JP LIST

18 USED 10 RETALN “E" FORRAT [»

;COUBTER ;

14F »3 0°S, BURBER:0
tOUTPUT LEADING 0°S
tRESTORE

10 S1s D13lTS
1DIGITS REMALIBING
tCOUNTER

1SKiP SI3

101617 Ut

1S6lP 0P

tLeAdIng 0°8 QU1

z?lL’ICAXE »S (o]

{SORPAL X7
(REY THMROLAR “LIST®

(CHECK FCR CaRRY

(OUTPUT manTlSSA

(OUTPUT EXP




$
$
t SCaAn ROUTINES
1 PROVIDES THE LOSIC SESSARY 10 Taxe
3 128 SETS OF DATA POINTS FOR UP &ldnt
t CHMABBELS OF DATA (1% ABY ORDER) wiTh USER
1 DEFINED TIME DELAY. ITNE RESULT !S COBVERTED
t TO UNLTS DEFINED BY TME USER,
H
t EGUATES 80T adaCTAlzl Cas BE FOUND
§ 1o PREVIOUS SECTIONS.
$
10%0 FoPuld EQU 1090» 1FLOATING POINT
tOPERABD BUFFLR |
10a0 PaGk SGU 10a0n thian ADD FOR Raw
10ATA STCRAGE
10C0 SCaAmE EGL (10COM jCHaBBE, StelLtdle cUFF
20C€0 $CE L8l CON tSTART CF SCaM BUFTF
1040 STalx ESU Padk (STAMRY COF JVaRiABL:
{SCRAICR PAD
104l Lisg EQU PajEe| iLO® ADD FOR HRaw
:DATA STORAGE
1042 CHnp? EQL Liwkel $PCINTS TC A LCa I
§INE SCan STCRAGE EBUFF
0€0 cFE LSl C80k (STARY OF CF EBUFFLR
800 SrOLD EQU C@00C» $SAPPLL /MCLO/7CONVERT
sCOMMANDS FCR A/D
3994 Veall tel CSsyam svaARLABLE TIimE Oelay
¥ Yol CooRD Lol C8aADM §UPDATE COCADINATICN o
0%ad ROUN LGl 0%adn $ROUSD OUTPUT BUFFER
$17C & §13 213118
a2y WOEr 4 tel QAZS» jCOMVERTY SPra_. »0S.,

(FROPR LT FCORMAT
$1IC “F° FORPAY
cagc YESEX EeU Cagln (RETALN "2 FOaRmal
;olTh & S13 O131TS
;FOR BURBEAS LT .1
tOR 3T $599555.

Qray olsPy EQU QI a%n (ASCll-8C)

o0 a4 €1 ESU O0a% ;CONSOLE IaPUT

08!k LR EGU Q8ib» ;RAdD DATa TC VOLIS
tINTERPCLATION

oFta 19 LQU UFEL @ ;1.0CT812¢

o0Ls L1S® EQU 00 8n

007! CALS EGU 001N

Q058 e EGL OCF8r

oCcFC b 3 4] EQL COFCh

1060 ols & ¥4} E6U 1040M

109%¢ Stomg EQU 10%»

007C <0 EQU 0O

oy CaTRL LU 009 ™

IR Y '3 124 EGU Oi1%an

ciet LOD EQU Jded>

J33E sTe EGU 033Er

o3d7 Al EQU J3D™




380 A €6U osecH

1070 RESLT EQU 1070n
oroF oV EQU 070FN
olla SIRIP EGU Q134K
2000 SChaR EGU ob¢

]
0000 GR3 CABON

]

t RESSAGES

]
26 LSCAs EGU 2¢aMm
26C” IeFO ESU 26C™
2¢i10 LERR | EQU 26i0m
26¢F3 cl EQU 26¢Fin
2657 c2 EQU 2645
26FF <3 EQU 2@FF»
2704 Dwalr ESU ZT0m
2130 Exr EGU 2730n

‘SCABS " TAKES 128 SETS OF Dala
POINTS AT VAR[ABL: [oTERVALS.

RACRC JEFislTlOns

*® 0 O S0 oo ®o

sISCREPENT & mgmOAY
ioR= SACRD POINT N 1LOCATION & TlPesS
LAY ®,POlW3T
ROV A"
ADl &
ROV ®,4
Endr .

COmPUNS SUBROUT [ wks |

3
t
.
l

OADO 2£1036a2 1WOF; LAl W, Chwp? $1iBQIARCT FLICH AND STCUR: |
$in A, CABPT COBTAINS
L0 ADD. JATA ASSUPERD
108 SARE PAGe

oAB4 ¥ nov L ,M

oads O "oV A,™

oab¢ 07 RiY

OADT 2£1036A0 [ aDP; LAl =, PAGE t$ISDIRECT POINIER
tSTORED In FIRST 2
1STACR POS!TS.

0ADd ¥ nov DN 1SAVE

oa®C 30 ish

oAt 57 oV L P 1.0 POINT

OABE £H mCV KW,D iRl 3 PClatl

Ja8F 07 NE

O8CO 2E103¢a0 SCAN2: LX] m,PAGE sINITIALLZE

oaCae 3Ei2 PY] m, 2% 1DATA [aPUY BUFFeR

oaCe¢ 30 ik |

0aCY 3§00 mVl ®,0 tFI1AST STORAGE LCw

oacy %0 sk |




Jala
oacc

CACD

38CO
0?7

SKIP;
28103642

OAD: C7

0aD2
JADa

oaD9
CaDe
0ADs
0ADD

o829

0401
Fs

465004

3Cos

40CDOA

07

2810360 SCanag:
312

30

30

3ECO

07

A46E 704
469401
28103698

AT

466203
2£103¢%0
0?

28103640
c?

0e01!

Fe

28103642
c?

0401

Fe

44FH0A
count,
SR 1036A1
c?
0e22
Fs

vl n,sC
RET

LERe CHRPT, |
LXl M, CHWPT
ROV AN

ADl 00001M
nov m,a

CaLL 1woF
cPl &

JOC SK1P
RET

LX) M PAGE
nvl P, 2K
Ish L

IR |

vl m, 5Chk
REY

CALL [w0P
CaLL Blw?P
LXi W,STOR:

caLL LOD
LAl h,FOPND
RET

CALL IsDF
CPl SCHAR
J& COUNT

crl &

cCaC s«lpP
CALL [wnDP
fTwR L

CaLL SMOLD
Inam PAGE,!
L] w, PAGE
ROV A M
ADl 00001M
ROV R, A

Ink® CHEPT, I
LAl H,CHnPT
OV A M

Ad] 00201K
mOoV M A

JOP SCanS
ferm LInk,2
LXI M,LIst
RCV A N

AQ] 00002M
mOV M4

ISTART OF INFO BUFFER
;1 380RE DeLImITER

$TEST aZXT CHaR

$RE-IN]T BETeckn SCANS

sPOINT TC Raw STORAGE
$-OMERT IC 7.P.
$LOAD AMD PCINT

$ 10 OPLRaND

tIET DESIRel CHANBEL

:1F ALL ChamdelLS SCandtD
1t SET UP neXxY SICORAGE
1A»:8 ?

t1iF IRUE, JUMP

1 INPUT Raw JATA
tMEXT CrANNEL

tSEXT VECTOR PClInTER

13T SEXT DAlA
ISEXT STORAGE




oL
w2
o2t
083!

obla
083?
od3a
(s XV
08 3&

o84l

Obas
oda?
" YT

o
Q8 oF
0890
o8s2
0829

Sk
0d5a
ok e
08¢
o8%0

093 F
0860
obé1
o8é2
069

od¢s
b 12
86D
o8¢’
o8
L R

%676

26 Rz
4€9 809 CALL veall
4¢DE0A RESET: CaLL SCana
44FBOA JAP SCANS

$

$

$

1 °SCamsy’

$ °S&T SCas® ROUTINE.

$

H
46D108 SCand: CaLL COLM»
467100 CALL CRLF
07 RET
4671C0 RSCan: CaLL CAaLSF
A6 AQ0¢ CaLL cocRD
46C0Ca CeTUT: CALL SCan2
46F90a CaLL sCan!
46C00A DONE ; CALL SCam2
46200A AVE: CALL IsDF
3Jcoo CP! SCMAR
2B R
3C0¢ cPil s
42CDO0A CuC Ski»
2E1.)364a¢ LA M,STACA s
90 nov C,A
(] ORa A
12 RAL
12 RAL
ot80 V] B,CFb
¢! aADb 9
Fe MOV M, A
c2 AoV a,C
ACE90A CaLL DATa
4€3E0Y CALL S§T2

AVEL: INR® LInE,2
28 133€A1 LA n,LiNE
c? ROV A N
0432 AD] 0000en
Fe OV M, A
€¢8830¢ JI wEXT?
A6EY0A CALL DATA
460703 CALL AD

TAKES SETS OF DATA FROR THE
§ CHABBEL ASS!nINENT DEFISED BY THE

(CHECK FOR D
sKILL Ting
$3ET ABOTNER Scl

$PRINT COLURS WMEADINGS
$16ACKA TC COaTAOLLE®

tUPDATZ COCROINATION
selmBeA

1INl FOR maxI SCAM
$ALSO ESTRY POIN? FOA
1SCABNLIN; Bl THOUT
$COL MEADINAS

;TARE ScT OF VATA

1GET CHammel
1 CORPUT: AVLRAGL

JAETURS TU CALLER

$1STORAZE FCR CONVERSION
tFACTOR veClOR,

$1SAVE ‘A’

$CLEAR CaARR{yY

1R?Y BY &

1START CF CUNVERSIOM
tFACTIOP BUFFLIR
$CORPUTE Ve CTIOR
tSTORE VECTOR
tRESTOR: ‘A’
$CORVERT ABD STOR:

IR XT RAD DATA

$11F DOBE, OUT RESIATS
tSETU® FOR ngX! SCan
;COBVERT aAND STOR:
tRav DaTa POl

$ADD TO PRevVious




007y 2£123¢%0 LRI N, FOPRD 1STORE PaRTIAL SuUP
087D €3 CaLL SIn
0080 446300 JRP AVEL
0083 280F36Ea SEXTP: X! W, 19 (COMPUT: avalaa
i ARD COMVERT T0C
1 VOLTA3E Usl!s
0887 a¢6€ias CaLL LOOD 1A= . 0074129
A 2£10369%0 LAl N, FOPND
0B8E 448COS CaLL ML Y og LE1T,)
9! 62208 CaLlL Avle? 10=V0LT(A)
0094 2£103¢4a€ LX] n,8TaCue¢ jCOMVERS (O FACICH
s VEC TR
e F? moV L,
0099 468C0O3 CAaLL muL jCHARIE FRO™ VOLIS
110 USER DEFIRED UN(TS
009C 2£1238¢70 LIl M RESLT
0B A0 46352 CaLL OuL tCOBNERT IC ellmal
0BAS 464401 CaLL dism JCORVERT TC asCll
0B AE 4€ASDY Call ROUND 14 8§13 OlaltS
0BAaY 28133681 LAl R, ,8TACKel? FORmAT Cnkcs
o8ad C7 ACV A"
OBAE 3CH)9 et v
0880 €3250¢ 41 Exr i $iF RUL LT FoRmal
0983 462904 CALL %0EXa tEL3L °F° Fommal
098¢ 2820 Caslug: nmvi 8,° ° OUTPUT 2 SPACES
oBB8 4€7COC caLL C¢
WBE «67C0O0 caLlL C¢
IoR®™ Pa3g,! PP
OBBE 2£:C3640 LRI %, Past
o8cC2 C° "0V A ,»
08C3 0401 aD! 20001n
2CY Fs nCY ®,4
ISR® ChwP? i 1C:Cey
O8C6 2£103¢a2 LX] M, ChHaPT
o0Ca C7 2OV A,®
00CE QaCi aD! 20GQ1Ir
CecCD Fs "oV ¥,
ABCE 44408 JAP AVE
H
H
DI 2£:036a2 Caama;: LXxi w,CHePT ILCAD PUINIER wllnm
1START COF SCan BUFF
o809 3CO mV] =, ,SCH
Q807 2£8103¢8 1 LXl H,STalne)?
o808 C? "oV AN (CHECK FOR
1°E° FOARAY
CODC 3C9Y &P 'Y’ 1YES ! TwED CONTIBUE
00DE 4a8fOoCH JoZ Catuw sELSE Juw
Q0L 2£2636¢F3 LAl W,C1 sc @ ®
" TR TY { Il caLL LIS?T
o8&8 O0kCO Vil B, SChAK tCARRIAZE RETUAN
OBia 4€67°C0OC caLL CO

P———




080
BFo
BdFa

BFa
rFC
o’
orr
oco2
oC04s
ocod
ocoY
oCoA
ococ

ocor
oCis
ci1é
oc1?

oCia
oCIE
oCIF
oc21

0c22
oc2Y

X%
oces
ocs2

oC 39
I
o€ 38
XK
XM
ocsr
oCa
oCae
X o4
e
Cce

oC of
K1
0CY2
oC4e
oCos

44F 700 JAP (CLOOP
2E2636F3 CBTUD: LXI w,ClI $* 8"
46£800 caLL L1IS?T
460004 CLOOP: CalLL 1nbF 1GET ChaBBEL
30D CPl SCHAR
2 [ $4 tRET Wi 0ONE
3Cos cPl s 11G00RE DELIMITEARS
42CD0A cacC suir
0430 AD] 3JOM 1COBVERT TO asCll
[ {¢] ROV £ ,A $1SAVE Ch., BC.,
2E1036b 1 LX] N,57TaCke|7 CHECK FORPAT
c? ROV A M
39 cPL ‘v’
€8290C JT ExP2 t11F TRUE, “t° FOmRAT
$ADJUST maADIMGS
2€2¢36F 7 CHTU9: X! n,C2 ke N °
46LE800 CaLL LIST
cC ROV 6,8 tRECALL Ch. B0,
4€7C00 caLl COC tOLTPUT
IR CuaP 7,1 $1C:Cey
28 103642 LXl N, CHOPT
¢? "oV AR
080! AD]l 000CIN
Fe "oV P, A
44F 708 JAP (LOCP
468 0A 'S | A CaLl YESEx {"E" FORmAT
4@ €CF JAP CsTU8
282636FF P LXI »,C3 LT FORMRmAT COL ADJ
A46£80C CaLL LIST
44CF O JMP CatUs
H
1 ‘SSCaAn’ St SCan ENTRY PCIsl. PHINIS
1 ISSIRUCTIONS anl STCReS Tre sUPSRR
i MBS SEQUENCE OF CwAaBBELS TC & SCadmr).
t 17 ALSO SEIS THE COORDIsATION BUPBEF
t 10 ZERO,
20103649 SSTAN:  LX] m,STACE < tRESET COORD o
SESC mvl »,°0°
31 PCR L
St3C AVl =, 0"
3 oCR |
JE30 Nl om0
2€103¢00 PRP| LX] m,S5TaCReie CHECR FOR WAl FLAG
c? ROV AR
3C2a CP. ‘o’
48980C JEZ CeTy® sJURP IF 807 SET
20133€4D LXL R, STACKE*|3 ELSE LCAD DEFAULT
1OF |9Rm$
JE01 vl m,i
30 fer |
JE62 AVl m,96
28273404 Ll ¥,Dwall tIFOR® QPEAATOR
48E800 caLL LIS?




oc %
oCt
oce2
oc e
ocey
P99
ocer
ocT0
ocT2
ocT
oc??
o A

oCTF
€83
o 1)
oces

e 0
oC ¢
oCoe
oCe?

oC 9D
ocal
oCaa
oCa?
oCaa

ocar
och |
OCE2
XEa
oce?
HKba
oCBU

xKCi
XCa

oce??
oCCa
0CCE
oCDI

467100

26273630 CaluY:
445800
2810368 !
464900
846 7C00
(o]

C o

68 7A0C
&9
447C0OC

3t &k
467100
2826360
46£800
467100
A& 103¢C0

NOEXP
Catueé:s

46FC 00
28 103620
TSY Yol
467100
467100
28263607
46t 80C
467100
467100
449700

:
$
i
:
28103600 SCan;
;’

3C2a

S8 A

«710C

48] 400

2£ 103600 LCOP:

46FCC0
46380t

44k D0C
28263610 tRhP
46L80C
449700

1 1]

‘SCan’

CaLL CALP
LX! W ,EXP
CaLL LIST
caLL CI
CaLL CO
ROV a B

crl °w’

41 WOEXP
nVl m,°Y"
JAP CHTUs
oyl =,°8°
CALL CRyF
LXI m,L5Can
CaLlL LIST
CALL CRLF
Ll m,8Cant

CaLlL 3&ETD
LIl m,SCane
CaLL STRlY
Call C8LF
CaLL CRLF
LX! n,i8F0C
caLl LIST
CaLl Cmys
<ALL CRLF
JrP TRl

ERECLTIiOn PCINT
CHARNELS DEFIntD ABCVE.

L1 S5Cank
"OV AP

c’l c.c

Jo ERR|
CALL CRLS
CaLL SCan®
Xl nm, 1000»

KD
RSCAM

CALL
caLL

JNP | OOP
LXl M LERR)
CaLL LIST
JAP CaTRL

1ASK QUEST!Ca

{"E- FORRAT FLAG STOR:
13T vaLuk

1ECHO BACK

tRESTORE: A

(JURP IF "
3ELSE STORE “Yis~©

LS8 STORE ~“aC”
tASK QUESTIuN
IENTZR ChaANBELS M
1 DERSIRED ORMOER [N
1 TME SCAN PpUFFLFR

tCORMVERT T0 BCD
1 IS TRUCTIONE
=ON] TOR

8‘“‘ 0

FOF RABUALLY SCaam]w,

sVALIDITY CHela
$1#00T JeFallT

$1START SCAM ROLTIwe
tWAlT FOR COmmanl
$FROr GPERATOR

IRESCAN FUE anClinmgk
tSET OF DaTa
tComTinlk

tm§3 OUT




H
i EXTER®BAL DEVICE DRIVER
1 INIS SECTION CONTAINS TMk LOGIC NECESSARY
§ TO TURN ON TWO RELAYS (°UP" AND ‘DOWA’) In
{ ORDER TO CAUSE SOME PhYSIiCaL DEVIC: TC
§ MOVE TO A DESIRED LOCATION. SUBRCUTINES
: LISTED MERE ARE ALSO USED BY ThHk SOFTwAR:
1 1B IME “RUN" SECTION [N ORDER TO
t PROVIDE AN AUTORATIC CONTROL FUNCTION.
3
000C ORG OCEOM
t EQUATES 80T ANBOTATED CAm BE FOUND
: 1% PREVIOUS SECTIONS.
H
1040 S$TACK EGL 10a0m
10a% FCa? EQU STACKeS ICOURTER 1M »0lSe
tFILTER ROUTINe
000% cmo £QU 8ei sCUTPUT PORT |
003C o _PelE 4 QU JOM sACTIVATE: “UP™ RalaAY
2090 <RDDN ESU 40N (ACT:VATE ~“DOed™ Relay
{0 o Jf §o] OFF el 10K tRELAYS (FF
00€0 o UNP EEU 60k s TRANRSPCRT DelLAY
1(Set TExT)
1060 RAb gel 1C6DR sRAw DATA (WPUT ELPLR
OAzY DATA EQU Catyr : RAw DATA TC P .FP.
tLOAD ACCU™ AND POINT
: 10 (PERAND
QC€A WALF ECU COsAr (4. BS DalLAY
o831 Ve EQU ORI 1N tVOLT UNITS TC
sEINARY A/ZL COUNT
Q8 1E Wl EQU O81E® tBINARY A/D COUNT IC |
IVOLTAGE UMNTS
1080 CFBUS EQU 1080k sCONVERSION FACTORS.
OBal caty? tel JE4iF (RERQTE LNTRY TC “SCam™
tAOUTINES wiTh COLULZN
1NEADINIS OFF
10C0O SCast EQU 10COM cEUFFE® COSTALNL NG
sCHANNZLS TC Bz sCasagD
o189 FPBIN EQU QL18SE solne¥b 2,
2600 SHOLD LQU 0800k
200D SCHAF EGU 0Dk
006 DELAY EQU C0€9r
007 CRLF £QU 007 1N
0097 cateRy EQU 0097n
QOFE ®7 ECU Q0F 8
013a SIRLP EQU 01 3aAK
0144 olsPyY EQU 0l ads
o0ts L1ST QU o0EsF
144 ol WP EQU Ol1Sar
1040 DOPND EGU 10407
10490 FOPND QU 1090k
109 STOR: EQGU 1098n
033¢ STk EQU OJ33EN

PATS3 LoD telU 036LH




307

03ba
WY
070f
oFta

26FF
ragld

fe o
OCE?2
oCes
OCEt 4

oCeE
el
AL
oCe:
oCEF
oCFO
ocF1i

oCcF2

oCFa
oCF?
OCFaA
OCFE
ocfFC
OCFD
OCFt
oCF*®
000

I
2003

OCEO ¢

3601

46 00¢
40FEOC
31
c2
54
07
oy}
9
0?

0$10
28 1U3ESE

AD EQU Q3Dw

"uL £QL O36CH
Olv EQU Q3Bar
Lun EGL 06434
ouu EQU O7T0FN
1 IQU OFtar
H

: MESSAGES

!

<3 EQU Z6FFK
L=ove EQU 277Fk

CommON SUBROUTIweS

Loio0 o0 oo

*
s

o

OV At

Sue
=0V
§8&
RET

ow e O
°
-y

' ee oo
-4
oo

CALL Swak

CalL &7

U} oo oo
H
v

aCyv &%
=0V t,C
=0V C,A
»ovV &,D
=m0V D,E
OV 8,4
RET

;oo LY}
e

«

[

r

L)

C

H

A,OFF

H
H
DA
Da MoRAWe |

TAL:
TA2:

tNETURNS CASRY Se?
: B

RZTURNS CaRRY sSz1
lr BC <Dt

.
v
»
L]

"
4
[ 9]
\J
C
| L

¢ ©¢ 00 9o o¢ o0
P RNET o o

taCTuaAL»OES (Reu

SRELAYS OFF

$TANE A SAMPL: FROF
tChaMNEL O. RELAY Ol
TASSURED 1IN &




|
007 463008 Call SwWOL '
0D0A DF "oV D, sDE-SAMP 2D OaATA
oDO& 30 INE L
oboc £7 oV E,m |
00D 31! DCR L tPCINT IC SAmP el DATA
0DOE &7 RET
]
: “BUMPE™ 1S USED TC PROVIODZ AN IXTLRMAL SIamal
: OF XNOWN TI®™E DURATION [N ORDES TCO OBRTAIN
s EXTERNAL DEVICE MCVERINT (OPN LCOF) 0OF A
: KBOWAR AMOUNT. (Stz TEXT! .
4 1NPUT: AzCHANNEL O PLUS RZILAY DIRECTION
: D:DESIRED DELAY PARAMETLF l
]
ODOF 43 BUmPR: OUT Cmp cSTART RaL_AY
0010 466700 CALL DELAY=2 sERiLL i
oDi13 0610 ®V]l A ,0%F s TURN RELAYS OFF
0DIY 83 ouT cmo |
odle 97 RETY
0oD!7? 1E6€D BUmPLU: ®V! D,.Bume +MOVE UP & SKRCET DIsST
sBUMP : DELAY
0D!s 0¢30 BV A, CHDuF
0D1% aadFOD JMWP BUmPY
0DizZ 1E€C BUMPD: WV D, .Eums MCVE DOWN & SHORT DIST
092C 0€40 2V A, CHDDs
OD22 440707 J BUmP >
ob2e 3C0¢ AbJdu: TPl ¢ 11T LOCATION ERROFR »¢
sCOUNTS , mCve P
0D27 409%€00 JNC P
odbea 3CC3 er: 3§ siF LOCATION ZRAR0OE » 2
:COUNTE, BUumw P
0d2C 401700 JNC BUMP L
opeFr 07 827 tCONVER GENCe 2x!T
0D30 3CO0¢ ADJD: P € $SRROF ADJUSTMENT (AS
sAsCVz) 0% The DCWN
0332 40E%0D J8C DCen
onse 3CJ3 el 3
0037 &01!1E0D JNC BuUmP[
od34« 07 RET tCONVERGENCe Xl T
3
H
OD3E 2£64 LONG: ANl K, 100 1.0 SEC DELAY TL Qlve
sTIME FOR RLLAY AND
$ORIVE ACTO® TC STOP
003D 3¢DC LOOPA: mMV]! L ,0D0m tIWNEE LOOP COULNTER
I0IF 3¢ LOGPE: DCP L
0040 4£3F.D JNT LOOPE
QD43 2% KR & -

ODas 483000 JNZ LOooPa




JDat
JbaC

cD%1
J0%a
J0%7
3Dsa

oLy
JD&Q
00ed
oD§”
opsa
006z
IDEF
Q070
3071
007a
007w
S07TE
an7F
Q08 -
Jogs
J08S
J080
3090

J0ea
o4 b
20986
230s

Q%€
1094
409D
oY Y8
)Ds

< 1

|

(o 4

28 1)3sa9
Jey

4£0 130
AC6A0C
48004
4632038
#3130

4€Z_CA
€D 70%
22!0355'
463233
2810888
cF
0%
F5
400
2L 1536
4862013
28 IF 568 4
45800
281208¢%3
#63525
22133459
A88 01
:E 3 155 a

CF
30
DQ

0632
44300
4622
409830
ad 4@ co

&6 £ D0C
Loy | 1%
LK Vg

‘Wjee oo 906 o+ oo w0 Se wo

RET

“"FLIR™ 15 USED 0 FILTER OQUT “GLITCRz3S™ FROM
THE A/D CONVERTIR anD TO ™InNImIZZ The zFFECT
OF NO!ST WWICK COULLD maat Ihn:

EXTEINALLY CONTROLLZID JEVICE STGP &l TN AN
ABSCLUTE EZRPUR (ACTUAL-DESIAED) 3IRzATER Tham
AN ACCRPTAELE AMOUNT.

L TR LXI M, FCNT sNzCOUNT:
BVl m,127
CALL Dalal 1STOP AND TARZL 4 SAMPL:
CALL HALF sRELAY ARZACTION Tlmc
CalLlL DATA-} sCONVERT/LUAD/PCUINT
caLL ST=8 1 T
LOCOP: CALL JaTa; 1TAss 127 “CRt SAWPL:S

£ o0 o0 00 o0 oo

sFORMING RUNSNI WG SU#
CALL 2aTa=3

o N SA(N =A(N) =
bc'.Z '1 f JP‘”
CAaLL STF PN
LELI 4 ,FONT
mOV 3 M $35T COUNT=R
OCR € HL e
aCV % 2 1SAVE N
JEL LOOP 1P N>Q, JumP
F*d?»: g'u.s ” ’\J’\D
CALL Lun 1A-SUTACN) ]
L R 1
caLL mUL samhes JUTEIL 2S
LX! H,T0PND
caLL S7TA (mea ﬂ
LEI R, FoPND
CaLL FPBIN J2INASY—F P,
LXI %, STECR+7 $¥27Ch DeSi4zD asal:
s Bl
meY 8.~
iNR
MV .
SET
“UPT AND TDOWN" ACTIVAT: Thgia 3z3Pecilive
AELAYS 8 ORDER 710 Ive PGUSITION 2 &FQR
i0 'lE€A0° (3ef TEXT
"V &, CROUP s A=UP COmmasD
CalLl oata2 :VARE SamMPLe
caLL 39 s1F ACTUAL«OLSiINED, P
JC uP
caLL FLTR sELSE TURN (UFF SELAY
sANL CHECX FUR NOlSE
CAaLL 37 s IF UNDEASRGOT, JurP
Jc .,P
AL LOwS {7 “C® DRIVE =QTOR




ODAF

J082
v} R
0DB6

coes
ODBE
oDBt
(o} s o
oDC 4
30C?
§)s. oF }
0DCD
o oDo
oDD3
ODDa
opb”

QDDA
3DDe
0DE |
UDE 4

oDE”
ODER
o) %3
ODF2
QDF ¢
ODF S
JDFC
QOFF
OEQS
JEOS
OLOA
JEOQU

46F 20C

31
482%00
443000

06450
460300
46£50C
S0BSOD
464800
4€E%20C
SCBSCD
4€3BCD
A6F 20C
31
482500
443000

2827367F

482800
467100
467800

221036 aC
463401
28 1036 &
46 A 0K
FARROREN 28
AGE 400
1633208
28103640
463208
28103€a0
468 SO |
fiQ

CALL AR
DCR L
JNI ADJU
JAP ADJD

sT0 SToP
;COMPUTE ABSCLUTE vaLue
{OF POSITION 2RROP

{TEST FLAG
JUNDERSHOCT CORReCTION
3OVERSHOCT CORReCTION

sEJTHER ADJU UR ALJD
$TESTS FOR CONVeRIENCE

: THE ANNOTAT.ON FOR THE “UP™ AROUTIiNE APPLIES
: ALSO TO THE FOLLOWING ROUTINZ.
[ ]
D0wN s =Vl a,C2DDN :D0eN CONTROL
CaLL DATAZ
CALL LT
JC DOwn
CaALL FLTR
CaLL LT
JC DOwWN
CALL LONSG
CALL Ae
OCR L
JNZ ADJU sOVERSHOOT CORRECTION
JEP  ADJD tUNDERSHCOT CORReCTION
i "HMCVET SENDS A MISSAGE TO TRT OPLRAlOA
: AND READS Iy TwE DESIALD TXTzRNAL
t DEVICE POS!TIiCN,
: IMPUT: UNMRESTALICTED
: REGISTERS: alL
s OUTPUT: DESIREID PO81T10wW 1S in 3£
: IN A/D BINARY UNITS
2OVE LXI M, ,LMOVE ;1 9258A3: ULT
CaLL LIST
CALL CALs
»LO00P: CalLlL 3&7 s INeDESISEl PCSITION

LXl W,DOPND
CALL STRlP
LX] %,00P%D

:i¥ USER UNLTS

1eCI=A3Cl ]

CALL lwn $F.P.~8CD

LEI A, CFeufF sCONVERSION FaACTOR

CaLL 2J1lv s VOL IS~USER UNLTS

CALL VR]<? :ABSOLUTE=-VOLTS

LXl K ,D0PWD

CaLL STR :Mea

LX! m»,D0PND

CALL FPE(N 18l VARY>? P,

SE7 (EAMCK TC CONTROLLEF
“CNTUAT AND “CNTUE™ ART A CONTINUATION
CF THE ABOVE SUBRQUTINE FOR mANUAL CONTROL
OF THE ZXTEIRNAL OEVICE,




"'—_ﬁ

H
281036aT CuTUA:

QEOF LX] H,STACKe? tReB [ BARY
OEi12 FB movV »,0
OE1l 30O IWR L
0€i1¢ FC nev *,e
OEiS 464800 CaLL FLIR ITAKE A SarPLE T0
tDETEREINE DRIVE
1DIRECTION,
1 (UP OR DOWN)
OE18 46k00C caLL a7 sTURN O “UP~ RELAY
OEIE €03D0t JC POVEU
OE1E 46£%0C CAaLL L7 1TURN OB “DOWE™ RelLAY
tELSE DO 80T =0Vt
02! 60430t JC ®mOVED
0224 2E2636FF CNTUB: LXx! ®,C3 5 o
O0E2€ 46EBO0 CaLL LIST
QE28 281036C0O Lxl %,5Cantk :LOAD ChHANMEL D !&
;SCaN BUFFZR
CE2F JE00 =y 8,0
0E31 30 1Nk L
0£32 3e0D Py] ¥, S5CHAR tSTOP AFTZR | CHANNEL
1SCAM
2E34 46410k CaLL CwTU? 1128 POINT AVERAGE
swlIK PREVIOULSLY
sDEFINED DzlLAY asd
tFORMAT, Thaws PRISNT
:ACTUAL POSITION
QEIT #7100 CALL CRLF
OE3A asarO JP mMASCH
s “MOVEUT AND “HmOVED™ ARE THE
: ENTRY POINTS T0 THE “UP™ aND “DOWN" ﬁ
: CONTROL SUBROUTINES. (MANUAL OPS).,
30 165800 mOvVEL: CaLl ur
Ot 4C 142402 JWP CNTUB
QE 43 25500 MOVED: CALL DQws
JE 46 440402 JEP Calle
3
$ "MANC” 1S5 THE INTRY POINT FOE The
: OPERATCR FOR =ANUAL ACTUATIONS OF SOmt
: MICROPRCCESSCR CONTROLLEZD DEVICE.
H
CE a9 460A0D "ANC: CaLL @OVE
OE aC 440£0E JMP CHATUA
J“F “‘E"’JU 2ANC I CALL =L 00P
JE%2 314CEOR JEP CNTUA
3C00 END




DIAGNOSTICS

3
1 “DUMP" 1S USED TO DISPLAY TNWE CONTESNTS
1 OF THE CONVERSICHN FACTOR BUFFER, “TzST”
{ CHECRS ALL RAM BETWEEN 1000M ABD FFFR BY
1 WRITING OUT A BYTE TO eACR LOCATION,
: READING [T BACK, AND COMPARING 10 The
: ORIGINAL VALUE., IF an ERROR [S DeCTeCTED,
1t THE TTY BELL !S RUSG ABD A mgSSAdc 1S
1 PRINTED OUT ALONG WlTh THt CONTENTS OF Tnt
s BAD MEMORY LOCATION AMD IT°S ADDRESS.
t
0000 ORG OEeOM
i EQUATES NOT ANNOTATED CAm Bz FOUND
: 1IN PREVIOUS SECTlONS.
0080 CFE EQU 080k 1 LO% ADD OF CONVERSION
sFACTOR BUFFLF
0040 STX zel OAQK tLO% ADDRESS OF STACK
007C co EGU 007CH
10A0 S5TACK QU 1CA0K
0071 CRLF gelU 0071k
OCEe LIsT :CU 00z ek
o142 Jlspy QU Olatw
cos? CNTRL tQU 008 7TH
1070 RESLT ZSU 1070&
BAYYY LoD teU 236tk
QTOoF Guu 2GU OT0F K
{ MESSa3ES
27a8 HAm QU 27adK
QESO0 28103640 JumP . LX] M,3TACK
Otée4 3zg0 =V ®,.FE tSTARTING LCCATION
OE€é6 F7 LOOP: MmOV L M 13ET VeCTeRm
OE€T 466200 CaLL LOD tA~CONVERSION PACTOR
0fLes 28103670 LX]l E RESLT
JEEL a6CFO7 CALL ouu sDUMP 10 OUTPUT
, tBUFFeR
OL71 464%01) CALL DIsPY tASCII=8CD
OET4 281034 7¢ LX] #=,AESL?
OE T8 46E800 caLL LisT tPRINTOUT iNFO
OETR 467100 CaLL CRLF toke Llwe
OETE 28103¢€4A0 LX] H,3TaACK
ogs2 C7 MOV A" sFEICH VECTUOR
CEB) D404 ADl 4 tA-A® 4
0E8Y Fw OV ®=,A 1SAVE VECTOF
oL86 3ICA0 cCPl 3Tx +CHECR FOR AST
JEBE €900 JT CNTAL s IF TRULE, DL
DEBE 44660L JEP DL OCP tELSE 3ET sex?

e o9 oo




B 113

DE90 2£ 103600

Otse
0gse
0ES€
oee?
0z 96
Oe %
0g£sC
JE 9F
QEA2
0zal
QzAQ
OzA€

UZAS
OtAA
0t AD

OEAe
Jeso
OfE |
0£E3

Ock e
OLES
OLER
it 11
0ebF
oeC2
OEC3
QECs
oeCs
JeCD
ctDo

o: %77
JEDQ
QEDS
OEDa
QZ D4
ot L€
0z D9
e DC
QEDD

0600

cs

Fg

c?

55

485 60e
30
SBA20:
44540z
=8

cs
3o
137 Yelaiy

Ci
445408

¢l

S5CF?
8
J€FF
44500:

46D10e
QT 2F

L 7Co0
€3
D10
Ce
48D1 02
467100
28278648
LYY IVl
o7

g0
L4
1A
1A
1A
44t a0t
46 7C00
Ca
a8k &aUE

®e 90 ©3 o¢ oo oo

3 READ BACK IS

RIEST:
NEXTe
LOCP ¢

Ste:

1)
E
X

[
e

t
H
mexTe

“mIEST®

“HEXT®
TWC ASCl! DI3iTs.

vl A0

LX] H,1000n

mOV E
AaCy ”
mCoV A
Cw E
JMI ERBY
[wg L

JZ »¢C
JrP LOooP
[N R
ROV A,K
CPI 20W

JZ v

MOV Al
Jo LOOP
=0V a,b

CPl OFFx
%<

=Vl A,0°F=
JMP NZx7T

CaLL HEX?T
mvl 8,/
CcaLL CC
mOV A+
Call Hex?y
MOV AL
CALL HzxT
CALL CRLF
LAl H RAP
CaLL LIST
RET

I$ USED TO CWECK EACK Rar LOCATICN
TO ENSURE [T IS ALl I» wORKING ORDER. T
ALTERSATELY WRITES ALL O°S Thed allL

1°S TO £ACK CELL AND TESTS ThHal
THRE ONE [T SEST OUT.

THe valle

tFIRST TesST vaLus
(RAR START LOCATIOS
1SAVE A

tOR[TE TEST valus
(READ TeST VaALU:
118 17 The Sare 7
sIF S0 Juep

tPOIaT TO wnexl
(CHECK PAGE CRUSSING
s TRY ANCTrmeR

t82x? PAade

tLAST Pade 1

sIF ves, cRECK LAaST
:V‘LUE
tRESTCR:
1387 CUR=gnT TestT
SVALLE

118 1T FFm

:1F TRUE, DOS:
sEL52 SzT wew VALU:
112 7EST Rar &l 1k
sNee VALuUe

sPRINT OLT BAD DaATa

sTELL OPeFRATCS
1 D0Ne

OUTPUTS Mex Dala In AaLCurm as

"oV ¢ ,A

" AR

RAR

RAR

AAR

CALL MiX
SALL €O

m0V ALt

CALL Mzx

1SAVE
1.0 sivBLee=l NloBbLz

JCUTPUT ROUTINE

{REST OFe




otLo
okES
Otz
Ootts
Otts
OkeB
OEED
OkEF
OEFO

46 7CO0
o7
240F MEX1
3C0A
€0 DOt
0407
0as0 L 10
ce
0?
£wd

CaLL CO
RET

ARl OFN
crl 10
JC aum
ADl 7
ADl 350m
mOV B,A
RET

$RASK OFF n]l wsjEBLE

115 1T A sUPBzR
si¥F TRUe, JumP

$ELSE CONSTAUCT LeTTeR

IASCIL BIAS

$OUTPUT RESISTeS




H
t THE AUTMATIC CONTROL SECTIOMN PmARES USt OF
1 THE “NOVE™ ABD “SCad™ SECTIONS TO PROVIDE
t AUTOMATIC,INCREMENTAL STEPPING OF AN
t EXTERVAL DeVICE 2zToEens ARBITRASRY LI=ITS.
H
003¢ OR3 2000M
1 EGUATES %0T ASBOTATzD Cas EE FOUND
t In PREVIOUS SECTIONS
H
OCEE SwaP QU OCERN t Dc-bCelit
OCEQ 3 SQU OCEOM s DE-BC,RES SCT SavVeD
oCed LT EGU OCE M tBC-DE RS NOT SaveD
oy ¥} rLOoCP QU 0Dz &~ tFETCH ExXTeRNAL
tPOSIT,CONVRRT, AXD
$STOR: [N D2
oDat FLIR TeU 0Dash s3LITCR AND NOISE
sFILTeR
0B 3¢ ASCAN ISV OBlen §=E-5CAN DESIRED
§CHANNELSE AND PR NT
$RESULTS
0Bla SCaNS teU OBlan sPRINT OUT
sCOLUMN HZADINGS
oCCa EAR) teU OCCan sTE3mINAL £RAOA
oD9s uP EQU 0D9YER sTURN ON WP DRIVE
]2 X ) DOeN EQU ODBSn tTURS ©» DOWN DJARIV:
1060 N Eel 1080m sl TZRATION COUNTLER
sFLOATING PCLNT
$STURASE
1064 TEmp QU 136an s TEPPORARY PALDUCT
:STCRAGE
1768 FlvC ESYU 1Cedn (5P, RIPRESZNTATION
$OF INCRzmeNTAL DIST
ofFe0 ls EQU OFcOhn $1.0
OFFQ 11 EGU OFFOr (815,198
200D SChar ZeU 20m
00T CRLF ESU 001Kk
oote LISY tQU Q0028
00s%? CaTRL ZGU 0097Th
J0Fs GEY E9yU OOFs~ ]
g13a sTalP EQU 013aAN 1
01%a blnFP £EQU 0lSax
o189 FPEl N tSU OlEsh
1040 VOPNU EQGU 1040NK
1048 STOR: tQU 10%8H
10480 STaACK EQU 10A0K
10€0 SCANE ESU 10CON
1080 CFEUF EQU 1080
0080 CF2 EelU 080K
033 SIR ESU 033zN
036t LOD tQU OJSEN
0307 AD ESU 03D
338C muL telU QS8BCH
03B a olv EGU QB am




26712
274€
2799
2762
27712

2000

2004
200

2006
2007
20086
200C
200D

200F
2010
2014
2017
2018
201 ¢
2022
2023
2024
2028
202¢
2024

202<
2020
202t
2032
2039
2039

203C
2049
2047

2044
204k

1un EQU
H

1 MESSAGES
]

LREAD EQU
STAR?Y EQU
sToP EQU
I MCRE ey
Lusl? EQu

O€ P M

2612
27T46M
2799~
276aK
27112m

COmMON SUBROUTINES

“LODXX" AND “STRXX" ARE USEZD FOR 2 way
TRANSFZIR OF DATA BeTeEEN CPU

]

3

t

H

t REIISTERS aAnD mEmOsy,
t

$T

22103647 aps LAl M S5TACKe7
Fs mel: 20V B,
3O Iné L
Fa movV ®,C
Q7 RETY
28 I036A7 LODD: LAl H,STACA.?
(o 3 aCne mov g,"
30 [wR L
D? =oV C,”
07 RET
440420 JMP =B
2E1036E2 LODST: LXx] K,S5TACu~|§
440C 20 J gi™
2108824 STRS: LXl H,5TaCh20
e Dt 2 oV =,D
30 I8k L
FC nOV m,&
07 RET
28103628 LOVS: Ll M,STaCne20
oF DE™;: ®mOY D,"
30 IR |
£7 POV £ ™
0?7 RE?
2£ 10365 ST LXl M, STaCKeZC
442220 JRP D¢
2E10368¢ LODI: Lxl R,S5TaCne22
442420 I DEN

3

3
28103660 [n8Cyg LXl KN
458ENY caLL LOD
2EOF 3620 Lxl 4,18
480733 CaLL AD
2E103¢60 LXD H,N
463202 CaLL SIR

sCURAENT DESiidl
(POSITI0N STORA5e

18Cer

$STAAT PCSITION
L 18
1 o5Cer

$STOP POUSITION

s OE

jINCRe®eNTAL POUSIT]ION

; De =¥

$INCRZNENT [T2RATION
(COUNTER (v

t A=\

1Az Ao |

VA

e —




—

2091 2£103¢68 LAl M FInC 1GET INCREMENT (1)

209° 468(03 CaLL mUL {lene]

20%@ 28103664 LXl h, TERP $SAVE FACTOR

209C 463EJS CALL STR

209F 2E103664a LX1 n,TEMP

2063 4689%01 CALL FPBIN 1Bl NARYeF P,

2066 462820 caLL sn} g2k [BCREMENT

2065 463%20 LOAD: caLl L00! $LOAD START POSIT
$ASD INCAgPENT

206C 441720 JPP LODST

206F 460020 STOR: CALL STRD ;STORE M X7 POSIT

2072 442620 JPP LODS {LOAD STOP POSIT

“INCP” AND “DECP™ ARE USED TC INCREPENT/
DECREMENT THE VALUE OF “DESIAREZD POSITIONT
BY TINCREIMENT™ amMOUST,

THE ROUTINE BETURNS elTh:

BCoSTART POSITeINCRZFENTON

STACK«T=gL

DE~SICP POSIT

P CBe 60 GO S* @ S0 we w8 S e

2079 a61C20 NCP: CALL INCA 1 INPUT PARARETCRS

2078 C4 POV A,2 1ADD BCeDz anND STOR:
IRESULT IN BC

207y 82 AdDl ¢

2074 DO =0V C,A

2078 C3 mOV A,D

207C 85 ADC b

207D Cs mOV &,

2078 aa€FZ0 JPP STOR seX]T ThAQUGM STCOR:

2081 463C20 DECP s CalL I»Cw $IWPUT PARAPELTEIAS

2064 C2 "0V a,C tS5UE De-~-eC asl STURE
sRESULT In BC

2089 5a SUE E

206¢ DO POV C,A

2087 C1I 2OV A LB

2088 SE SBE D

2085 Cs B0V B ,A

208A 446720 JWP STOR texlT

!
2080 2E1036b8 SSUE: LXl R ,STACK +24 ;SET SUET FLAG
2091 3z01 mVl =,
2083 a4aibal JP RUNL tBACK TC “RUN _00P"

“RURT 1S THE OPERATOR ENTRY POINT 1O
T0 THE AUTOmMATIC CONTRCL ROUTINE. 1T
PROVIDES REPEATED SCamN[NG OF UP TO

8 CHANNELS AT SELECTED PCSITIONS OF an
EXTERNAL DEVICE.

®s o8 oe ve ve oo o

2096 2£1036C0 RUN: Ll H,SCANE sVALIDITY ChECK
2094 C? 0V A,n




209
2090

20Aa
2047

20AD

2083
20k ¢
208
2080
20C0
20C3
20C ¢
20Ca
20CD
2000
2004
2007
200&
200t
2082
2089
20e9
20&C
20F0
20F %
208
20Fa
20FT
2101

2103
210¢
2109

210C
210F
21z
AR
2119
2118
211t
2121

2124
2127

2iea

2120
2131

3C2A
$8CA0C
282736 46
A6LB00
46E 400
46EEOC
460020
4€1020
46700
2E275¢€%°
A6EE00
46t 400
461820
467100
2E273¢64
46E800
465800
2E103¢ 40
Q€63A0 !
22 103¢40
A6 &k O€
28103680
A6E &C
280F36F0
468C0J3
26 103668
463203
22 103<€ég
4€8 50U 1
482820
2E 103¢6C
3Z0C

467100
46l 4Cc
440820

4680
46z 00C
608020
28 103¢k8
3t 00
464800
46z00C
€04C21

46E50C
605221

46 3EOE

2E1036E€
¢7

e

RUNL:

CatTuC:

c'l ...

JT ERRAI

LX] W,STARTY
CalLL LiST
CaLL mLOOP
CALL Swar
CaLL STRD
CALL STRST
CALL CRLF
LX! R, ,STOP
CALL LIST
CALL mLOOP
CALL STIRS
CALL CRLF
LX] K, I8CRE
CALL LIST
CaLL GET
LX: #,D0PND
CALL STRIP
LXI =,D0PND
CALL 1wy
Lxl K ,CFEUF
CaLL DIV
LEI Wi
CaLL ®=uL
LX] M,FINC
CaLL STER
Lx! K,FinC
CALL FPEIN
CALL STRI
LXI kN

CaLL CELF
CalLl S5Cas:
CaLL LCDD

CALL LODs
CALL 47
JC 5Sue

mvl *,0
CALL FLT=
CaLL &7
JC IR

CaLL LT
JC DeCR

CALL ASCas

LXl H,STACA+2a

MOV A ™

16007 DeFAULT

{GET STARY PCSITION
tCONVERT T0 BIN
18C>0e

tReSTART

{PeSTART

$3ET FimalL PUSITIOM

tCONVERT TCU BIN
tme-STCP

$3GET INCREmENT
s ISPUT =]
1BCle-aSCI |

$F P L.£CD
slevCLT (1)
sle-BinCl)

1P|

s De~aBSCLUTE (™)

-l RCRE®NT
tRESET CCuUNTLE

:COL HzaDinaé

tSE7 START AnD SI0OP

¢tPOSIT TO DtTeRmiNe

s INCREMENT OI3:2CTION

1START»STOP 7
1iF YES, BET FLaAG
sELSE RESET FLAS

PUSIT ReaADiInsE

"

s TAR

$11F DESIRED>ACTUAL,
tPOVE UP

s1F DESIRED<ACTUAL,
t2O0VE DO

sELSE TaK:t A S&t OF
tCHANNZL READINGS
toET DIRECTION FLAS

o i




2132 3CO1 CPl 1

2134 684321 JI DECRI| s1fF SEY, DECRzaAS:
sPOSIT BY “I°

2137 467520 INSCRI: CaLL IaCP tELSE INCREASe POUSIT

2134 a46E00C CaLL 37

213D 605821 TEST: JC EX17 11F SICP POSIT
st xCeadeD, XxIT

21480 aatB21 JRP RUNL 3ELS: RePELaAT

2143 468120 DECRi: CaLL DecCpP

2146 462%50C CALL LT

2149 443D2! JEP TEST tCHECK FOF STCP
tPOSIT txCeedeld

214C 4695800 InCP . CaLL UP (MOVE UP

214F a42a21 JAP CNTUC

2192 asbsSCU DECR: CaLl DOwA 12OVE DOWN

2199 aa2a21 JR® CATUC

219%8 467100 Exits Call CRLF

215 467100 CaLL CRLF

21% 4485700 JPP CNTRL

“UN]T" IS USED IC INPUT CONVERSION FACTCAS
WEICk CHAMGE THZ INTEZRNAL UNSITS (VOLIS)

T0O aNY UNIT DEFINED BY TRE USER. aLL [ /¢
OPERATION IS THES [N TES®S OF TmESE

NEs UN]TS USTIL &gseT.

(. ®¢ ®¢ o¢ ®¢ o0 o o0 oo

2161 28263672 UNIT: LXl M, LRgAD :“CHANNEL = 1°

2169 4€EROD CcaLL LIST

2168 asFg0O0C CALL 527 sINPUT ChHawNzl

2168 2810344C LI S,D0PN

216F a8laA0! CaLL s7Ts]» 1BCo=aSCl |

2172 2210364C LX] H,DCPND

217¢ C? 20V a,m 1 GET CHANSEL

21717 30 OkA 2 tCLEAR CapRy

2178 12 SaAL ‘MPY EY a

2179 12 RAL

2174 D480 ADl CFe tCOmMPUTE VECIO=

217C 2810364A¢ LX] H,STACK+¢€

218C T8 ROV R ,2 (STORE 7

2181 487100 CaLL CAaLF

2184 28273672 LXxI R,LUNIT 1“URIT/VOLT 27 |
2188 a€:800 caLL LIST |
21BE a€FEROU CALL &&7 1oeT CONVERSION FACTOR
2188 22103630 Laxl H,D0PND

2192 463401 CALL STRLP tBCD=-a8CL 1]

219% 22103640 Lxi #,00PND

219% 4406 CaLL Inn tF P2l

219%C 2:10364% LX] M STACK<¢ ;13T VECTOR

21A0 F? mOV L, tPOINT 10 STORAGE

21A1 463803 CALL ST (M5 ACTOR

2188 467100 CaLL CmLf

2187 aagi2i J®P UN]T 1SET WeXT

9000C [ 1)




ALL MESSAGES USED BY THE SYSTER An:
CONTAINTED I8 THiS SECTION,

"o @t we e

o000 ORG 2600+
0000 SCNAR  ZaU 0D 1ST0P CHARACTEA
0004 LF TOL Ok :END OF RECOAD

H
2600 3&2307 READY: D& °» ',SCHAF
2633 204EAF53 LERE: DE * NOT DefiINZD®,S5ChaAE
2807 2044254¢
2608 a5az4d5aa
260F 0D
2610 30213420 LEZR®1: DE °"01: CHaANNEZLS °
2614 43a®3] at
2618 a4z 45aCt}
2€61C 20
2810 42474420 D& °NCT DEFINZD’ ,SCHaR
2€21 444%3£35
2€2% Az 4%42400
2423 30328420 LEREZ: D2 °"OCZ: IwwALIT
262D a54z5%<4i
2631 a4l 454420

2638 2238354 B “CFiLET ¢
2€3% 432220
283C 4455240 DB ‘TZAMINaTION® ,SCRAR

26480 4%atalda

2643 asafazil

2648 242A2220 LBECCT: OF “wee =2:8E7: ALL
26aC 32a%%3a¢

2650 %ala25al

2654 &l al20

2¢€¢57 aJaBR) a2 JE ‘ChadNzi @ In
2685k azatalll

26%F asagFarlo

266} aSaziC

2666 22%€ar a D& "TVCLIST ees ' STHAF
2662 Yas53222
2662 Z2AZAZAOD
2672 2o4la8al L
2676 aZacstaC
2€Ta 203020CD
267E S¢alaCay LwalT: O "VALID FaACIORS: °,SChaF
268 4a20a€a)

268€ 435347

26B& $33A2000

2¢6L 41203D20 DE ‘A : ¢S ,3CmaR

2692 33455300
2694 2203031
269%A 35405300
269% 43203032 DE °"C 298 ° L7 ,5Chas
26A2 35404304

26A6 0D

AD: DB ° CMANNZIL : °*,SChak

m
1*

&

‘E oc19mE° ,5CHAR




2847
26AE

2683

260¢

262¢
260
2€z 4
26ce
26t
28EF
26€F%3
26°%7
265¢
265F
2703
2704

70¢
270C
2718
gNne
2714
2714
2712
2720
2724
2728
272¢
2713
2734
2738
2732
273&
2742
27 4%
2742
274
27%2
2749
275
2790
2761

454E904% LSCAN:

54204848
4] 4z 4t 4¢
a3
20484220
24444345
42442220
4FS2444¢
4200
LT484% 42
20224541
44452044
4520
Ssal ap s
20424142
al 20
24495048
202045342
414220
&F $220%2
S9a22000
20232000
20202043
482:£ 20300
20202020
09
428544
§820421°
Sas Tayes
20
443544
20%0a% a5
T LR Eds
3ped
J1is20ab
532028 a4
LY LR T
&4CS 42800
22452220
48458 2a0
4154

284 5204F
422048229
2037 20¢CT
$3ta4152
5420%04aF
s3a5%42C
302030
53%a47%0
20%04F %3
4%854202¢C
JD20OCT

STa27:

&y

iR?:

v

Ok

ol

L I

v
(24}

&
o

T ———

*INPUT CHANNZLS®

* Is DESIRED °

ORDER ° ,SCRAR I
‘WHEN RZIADY TO °

1Y me (DEFARLT) ' ,SCHRAR

(Y OR N1 7 °,SCRa® h
‘START ®QSiT * ElhaAR
‘STOP P08 T ‘L SCHaAS




asaz 4382
35aDadat
£ 4202030
2000
L9542 49%2
2F95€3% &
$4203D2¢C
od
44449348
$24%4420
282828 2¢
20

4l a3sass
41 4C00
$235aE2
W AF2E2
ab

AR AZA
2azie

~
W e

0T as
41 ¥
sCara 4l
5335 aF &

W 28

.
- O et e .

bR |

=M D
el o

FTE R T le
L2l 8l

pe

W

LDI‘

ar .

.'\L

D&

| &
”

*INCREMENT

‘sesnzs

* ,SCHAR
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0000

0847
08F0
0501
0512
055D
0563
058B
097F
0973
0C35
OCAD
OE4S
0E60
OESE
2056
2161

OFo0
OFO0l
OF03
OF04
OF06
oFo07
OF09
OF0A

OF0C
OFOD

OFOF
OFl10
OFl12
OF13
OF15
OF 16
OF18
OF19
OF1B
OFiIC

1C
4708
12
Foo8
03
0l10s
26
1209
20
5D09
35
6309
41
8B0OS
42
7F0S
43
7309
31
350C

WP VO VO W WO VO 0O VP VO W Ve WO v

JUMP TABLE

THE RECOGNITION ROUTINE ("RECOG", OOAlH)
COMPARES THE CHECK=-SUM IT COMPUTES WITH
EVERY THIRD ENTRY IN THIS TABLE. IF A
MATCH IS FOUND, THE FOLLOWING TWO BYTES
SHOW THE ENTRY POINT FOR THE DESIRED
ROUTINE.

OOH MARKS THE END OF THE TABLE.

v

ORG OFOOH
;
s EQUATES
9
READ EQU 0847H
CNTLR  EQU O8FOH
CNTLC EQU O0SOlH
EDIT EQU O0SI12H
FILE EQU 0S5DH
WAIT EQU O0S63H
Al EQU 098BH
Bl EQU OS7FH
Cl EQU 0S73H
SSCAN  EQU OCJ35H
SCAN EQU OCADH
MOVE EQU OEASH
DUMP EQU OE60H
MTEST EQU OESEH
RUN EQU 20956H
UNIT EQU 2161H
9
Jls DB ICH

DW READ
J2s DB 12H

DW CNTLR
J3s DB O3H

DW CNTLC
Ja: DB 26H

DW EDIT
J53 DB 20H

DW FILE
J6s DB 35H

DW WAIT
J7: DB 41lH

" DW Al

J8: DB 42H

DwW Bl
J9s DB 43H

DwWw Cl
J10:2 DB 31H

DW SSCAN

sVOLTMETER FUNCTION
;"RUN NOe. "

s “akkkk " COMMEMT
$TEXT INPUT

sWRITE TEXT

$sDELAY FACTOR

+3 MS DELAY

315 MS DELAY

$25 MS DELAY

$SET SCAN ROUTINE

s TAKE DATA

sMANUAL CONTROL
sCONVERSION FACTORS
sRAM CHECK
$AUTOMATIC CONTROL
sINPUT SCALE FACTORS

A i
PUESIN




OFIE
OFIF
OF21
oF22
0F24
oF25
OF27
oF 28
OF2A
OF2B
OF2D
OF2E
OF30

Jils
J12s
Ji13:
Jl4a:
J153
J16:
STOP:

25H
SCAN
37TH
MOVE
36H
DUMP
8DH
MTEST
OF5H
RUN
40H
UNIT
OCH

97
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OF31
OFEO 81000000
OFE4 7A000000

OFES

OFFO 8A4C
OFF2 C99A
OFFA 84200000
OFF8 8A4C
OFFA C99%A
OFFC 8D7F
OFFE FCOO
0000

we =t 4
DO
.0 00

— e
P-4 w N —
o s oo [

m
<
o

CONSTANT STORAGE

ORG OFEOH
DB 81H,0,0,0
DB 7AK,0,0,0

ORG OFFOH

DB
DB
DB
DB
DB
DB
DB

8AH , 4CH
OCSH , SAH

84H,20H,0,0

8AH , 4CH
OCSH , 9AH
8DH, TFH
OFCH,0

98

THE FOLLOING DATA ARE THE FLOATING
POINT REPRESENTATION OF CONSTANTS
USED THROUGHOUT THE PROGRAM

s1.0
$ 0078125

$10.0

$s819.15




The ADL software vas developed on an existing
development system which used the following:

1. 110 kaud teletype for program listing.
2. 110 baud paper tape punch for mass storage.
3. 1200 baud high speed paper tape reader.

4, 1200 baud CRT for program entry and editing.

While this system is a wuseful tool for writing and
debugging small precgrams, it is not a viable system for
large scale development. The pefcentages of time devoted to
the creation of the ADL software package was 15% logic
development, 5% manual entry, 15% debugging and 75% waiting
for paper tape and teletype output. The last figure
represents a significant and costly waste of manpower
assets. The following system - while more expensive - could
easily pay for itself in man-hour savings alone:

1. Florppy disk mass BRemOrY. this reduces an
edit-assembly-reedit-reassembly cycle from up to eight
hours (for the entire package) to 1less than five
minutes (also for the entire package).

2. Line printer for producing source code and assembly
listings.

3. Resident high level language such as BASIC or PL/M to
enhance complex logic manipulations.

The Department of Aeronautics has recently acquired the

99
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| INTEL MDS 80 development system. This system contains the
abcve components and is presently being used as a data
acquisition system for an oscillating flowv wind tunnel. In
addition to data logging, this system can perform on-line
fast fourier analysis of data taken in a highly turbulent
and non-linear environment [ 2].

k Microprocessor usage presents a unique problem; nanmely,

better CPUs and more advanced peripherals appear on the"
market almost monthly. Therefore, a U-P orient=d systenm

rapidly becomes outdated. The software for the ADL was

vritten using industry standard technigues. A change to the

more advanced 8080 CPU can therefore be accomplished (with

minor changes) by simply reassembling the program with an

| 8080 assembler. Such an update is recommended if the ADL 1is

| to be used to take higher freguency data.

b 100
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10.

11.

APPENDIX A

GLOSSARY

A/D: analog %to digital (adjective or noun)

assembly: A listing which contains both source code and
sacnine code.

BAUD: A data transaission rate expressed in BITs per
second.

BIT: Blnary digiT. A single unit of information in a
binary word.

buffer: A group of memory 1locations used to store
specific data (input data, constants, output data,
etc.).

buffering: A process by which electronic signals

possessing different properties are made compatible,

byte: An eight-BIT word which is processed as a single
quantity.

CPU: Central Processing Unit. The area of the
microprocessor which <computes and sequences all logic
and arithmetic functions.

coordination number: A sequential, numerical 1label
associated with a set of data points for a given run.

CRT: Cathod Ray Tube. Also used as the generic name for
a television type display.

D/A: The inverse of the A/D process.
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12.
13.

14,

15.

16.

17.

18.

19.

20.

21,

22.

23.

24,

25.

26.

217.

28.

data logging: The acquisition and tabulation of data.
EPROM: erasable/programmable read only memory

driver: In a software context this term refers to a
program used to control the actions of an external
device.

external device: . A physical device which is not an
integral part of the microprocessor.

glitch: A missing BIT in a byte of data which can occur
during data transmission or conversion.

H: A suffix which indicates a hexadecimal numbear
(Appendix C).

I/0: input/output

» » » 10 »
K: A suffix which indicates a group of 1024 (2 ) 1iteuas
as in '4K of memory' meaning 4096 memory locatioas.

machine code: The BIT patterns actually used by t'i
in order to carry out its assigned logic functi. .

MUX: a pultiplexing device
nibble: The upper or lower four BITs in one byte.

0S: Operating System. Another ternm for Software

Package.
page: a 256 byte segment of memory

RAM: Random access memory. Volatile memory used for

variable storage and data manipulation.
register: A storage location located in the CPU.
ROM: read only amemory, non-volatile

software: The program which resides in the U-P's
memory.
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29.

30.

31.

32.

source code: The program written by the user.
U-P: microprocessor
8008: An 8-BIT U-P device.

8080: The next generation U-P from the 8008.
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APPENDIX B

VENDOR DATA

The following specification sheets give the major
properties of the hardware used in the ADL system. Also
presented are the I/0 pin assignments for the 805 processor
as well as the pin-outs for the other connecters used

throughout the systenm.
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Phyucal
Thrce 3 5 by 0 3™ punred cucuit cerds
One 8111 CPU card
One 8114 Inpus ceed -
- One 8115 Quiput cetd
Oae 8116 ROM cerd
- One 8117 RAM card
Connector Reguitement (or each vetd
56 pin. 28 pusition Jual reedout on 0 125 enters
CPU Uard includes .
80us (PU
Crystal clock
Addiess laichas, date butlers, and coatrol decode cuculs.
Power-on end externel *estest
DMA buifers.
ROM Card 10ciudes
One 1 702A PROM (2506 bytes) end eight PROM sockets
Sonket for card expansion circut (up 10 8 cerds)
At L e lader
T "TIIRAM (1024 bytes) and thity-1wo RAM ockels
o€t Lt expanson o1 Uit (up 10 4 cerds)
arn e d auges
T2 T et selectun cieuns eddressable in groups of 8
< uhet for o g expanuon circurt {up 0 2 cerds)
Duiew; Card  wiudes
. TTL output leich curcunts addressadie in groups of 8
Suckel for cerd expension cir-uit (up 10 6 cetds)
Operational
CPU
Execuies all of the 3U0Y 103t uctions.
4 microsecond time siete Cydle using 3008 (MPS 1803).
2 8 miiosecond Lime sigie cycle uung 8008-1 (MPS 80S-1).
Memory fur dete vt progiem s1o1age -a1d expandable 10 eny b of ROM end RAM 10 10384 words

ROM, 2048 woud cepacity per ceid.
RAM. 4096 word cepacity per catd.

input and Output
Tnput getes impi the INP
*Jutput lerches impiemeni the OUT mstruciions.

# oy oo Frieeval Resent
singie hine. sy vchromzed imtercupt on CPU card can be optionslly wired for mulitlevel interrupt ot Power-on externel restert.
Mult tevel Interrupt  Cantion ines evarlable (os external intarrupt such o3 8118 puornity wterrupt cerd.
Powet-on and externsl -estert option: CPU stazts et instruction location 0000 by wiemg restert output from CPL catd to Interrupt Request input

"MA «Drwect Meiniry Access)
Data. sddiess. and cuntrol .nes ere 3-s1a1s disconnected by the CPU following ¢ HLT tnsiruction allowing
‘MA by perrpherals. ™he ¢ PU must be intairupted 1o conlinue followng e HALT

tlectir.al Requirements
Reler 10 indiniduel deia sneers end shematics on the 8111, 8114, 8115, 81106, end 8117 for inerfsce and wining,
Power Requitemenis for the five cerd set fully losded
*VCC = £5% & 1.3 Amp maxsmum (35mA per ROM, SOmA oer RAM)
GND 0 volis
VDD = . 9 volts £56 ‘s 900 mA maximum (35 mA pet ROM)

Hardwere
Compatible with Senes 8400 ntarfece cerds.
Fus CRS, CRIO ur CRID cerd racks
Use M27) powsr supply
PROM's programineble on Series 81 programmens

Soltware
MPS 80U hardwere i fully cumpelibls wiih eny 8008 softwsrs essummg 1/0 end 1nterrupt van be saigred . ompatibly Teletype upereting svarem
and system lable A compilers end | labls thiough p ume siiating RV e
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8 CHANNEL
ANALOG
- MULTIPLEXER

MODEL MM -8

o

" FOR ANALOG TIME SHARING - $69 each

FEATURES

0O Small size........ccccevvvvnnenen. 1 x 2" x 0.375"

O Low power consumption..... 300 milliwatts

{3 High transfer accuracy ........ +0.01%

O Fast settling output ........... 1 microsecond to 1+0.01% of FS.
O Choice of input type .......... Single ended or differential

3 Completely self contained ... includes 8 MOS-FET switches, drivers
and decoding logic for channel selection

BLOCK DIAGRAM

3 il -wv iovocr See note t.

r "
Culc L LD
c-ucf' . anaLou
—-—j§ I
cns Qe Cr ot TRRUCHa
e D— T amascouteur
AALOG L 8L akPa,
s < 0 % CORmECTAS
; cne % , -----
: e 2 % . e
L )\ 9 l c - ! v Cn:
i c ! J%— i
&~ =
OECUOER 34C 1108 l '
L 1 1, )
& Sl 61 6.
L]
(- J
Y
Cranngy SELECTION
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| = t
| SAMPLE ANDHOLD |

!
| MODEL |
- SHM-4 |

(e el L S

— | £
| FOR SIMULTANEQOUS SAMPLE AND
HOLD APPLIGATIONS

FEATURES |
O Fast Acquisition Time . . . . . . 6 usec |
O LowDroop. . . . . . . . . 20 uV/msec |
O Adjustable Aperture Delay . . To zero between units
O Low Gamn Error . . . .. . . x.005%
O High Input impedance . . . . . . 100 MQ

-ISVDC1

p BLOCK DIAGRAM —~ MODEL SHM-4
@ EXT. OFFSET AOJ.

HOLD CAP
! ELECTRONIC
SWITCH
ANALOG e ANALOG
INPUT I‘® AMP -@) ouTPUT
+
ANALOG
ANALOG rl/ )
crouno& . @) GRoUND
Vo)) S——
SWITCH
OIGITAL I\vasa i =
INPUT | =\ TEST
@ I {2) POINT
O « SAMPLE
1 e HOLD Y L
g | S ]
i |
L S| [
THRESHOLD (B) @ @ @ 1) APERTURE DELAY
GND A8V 1BV ADJ. {OPT'ONAL!
(98 Ty e i 1 Y] -
SAQM M1m & 1O GAOUND = -=L

— - mm—— e e
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DESCRIPTION

The SHM4 is ideally suited to simultaneous
sample and hold applications, whare the gein
and apeiture deiey between units must be
matched, end where the output droop of the
sampled signal is minimized for time shared
A/D conversion.

A double inversion circuit in the SHM-4
places the FET sampling switch nesr ground,
which means that ell verietions of hold step
and ot aperture deley with input voltage are
eliminated.

A unique closad foop design gives high accura-
cy and allows the rate nrror' to be factory
nulled. Rete error is the delay by which the
output lags an input ramp and may be
expressed in nsec or in mV/V/isec. For conven-
tional sample and hold applications rate error
is not serious becauss it merely causes an
advence in the ettective time of hoid and
tends to cancel out part of the aperture delay.
However, tor simultaneous applicetions the
aperture delay minus the rete error must be
matched between units so that the eftective
tme of hold is the same for all. The SHM-4
accomplishes this by nulling the rate error to
less than | nanosecond and for critical appli-
cetions, by providing an externel 5 nano-
second adjustment of aperture delay. Also,
the high accurascy and low droop of the
SHM-4 make it usetul in conventional sample
and hoid applications.

Caretul attention to circuit deteil in elimi-
nating leskage currents has decreased the
output droop to less than 20 microvolts per
millisecond allowing several SHM-4 modules
to be time shared between one A/D converter.

J Dynamic Accuracy of Sampie and Hold

Circuits, Datel Systems, Inc., Application
NoteVi1-1.

108

Datel's Model MM-B 5 3 corplete eight
channel solid state anelog 1Inuitplexer de
sign:d lor applications wihich require last
output settling ¢nd high transier uccuracy.

The ennre multiplexer 1s sell contained 1n a
plestic module medsuring 0.8 cubic inches. It
contains eight MOS-FET switches wath asso-
clated driver ciicuts, each having a current
limiter pull-up FET t0 pruvide minimum
Pi1opagatiun delay, also included 15 all the
necessary decoding log¢ to enable 1andom
channel addressing with a luur bit parellel
binary wiput. Two MM-8 multipiexers can be
cascaded 10 provide up to sixteen channels
under command lrom one 3-81T address. The
addressing lugic inputs are compatible with
DTL/TTL logic levels,

Full scale 1nputs can be either t5V or t10V
with a transter accuracy {input to output) o!
20.01%, provided the oulput load 15 a ming
mum ol 10 megohms. The high impedance
amplilier  provided with Datel's ADC E,
ADC-L and ADC-M series analog/digital con-
verters and SHM Series sample/hold’s are
quite suitable for this application,

Output setthing ume for each channel i1s one
mucrosecond to :0.01% ut tull scale and each
channel can sequentially switch at a 500 KH2
rate. The output of the eight channels is
divided into two paraliel groups ol tour.

As stated betore, MM-8 is compiete and
requires only +SVDC, +15VDC and -15VDC
{-20VOCI lor operation.

MM.8 modules are 2L x 1""W x 0.375"H in
size come ftully encapsulated, and feature
duar 0 ting praning {0.100° grid pin spacing)
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HIGH RESOLUTION

ANALOG-TO-DIGITAL CONVERTER '
- MODEL-ADE-

HHRH S

hm%"ha

POwEn REFERENCE
= il = .m FIBVOC -iSvOC ugﬂ DUTPUT
UF“]’@
REFERENCE
i S0URCE
ex
aLOG
T .
1210vPs) ) D0 TAL /ANALOG COMVERTER oAl e
: npyt Y l [ l l [
{2v. O 1091] o COMPARATOR [ l IT l l ] , I I :
£no oF
Pmtm
ANdIDS PROGAAMMER (STATUR!
r
3 - (T | |
T T 1
cLoca QUTPUT REQISTER ‘
J |
|
[T] DO0OO000OC
CLOCK 284 35878 91011121814 SERAL 0ATA
i uTPUT _se L38, OUTPUT
MARALLEL DATA OUfPUT

GENERAL DESCHIPTION

The ADC-149 13 a 14 bit successive approxima:
tion type anaiog to digital converter for OEM
use. i1 was specitically designed to give high
resolution and accuracy et moderate cost for
incorporation Into pPrecision instruments for
process control systems and test and measure-
ment systems.

The ADC-149 can resolve 1 part in 16,384
giving an operating dynamic range of 84.3dB.
On the 10 voit tull scele range it can detect an
input chenge of less than 1 millivolt. Accuracy
18 adjustable to *.005% of full scale :+%LSB.
The temperature coelficienr /s held to ¢ low
+150pm/°C over the 0° to 70°C operating
temperature range.

This converter accepts either unipoler or
bipolar input voltages of 0 10 -10V, 0 10 -20V,
t§V, or t10V full scale by externsl pin
connection and pertorms a 14 bit conversion in
50 usec. Several output codes are eveilable
including straight bingry for unipoler inputs
and either ottset binary or two’s complement
tor bipolar nputs. Two's complement s
obtained by using the MSB output pin. Reverse
coding sense 18 used with the most negative
analog input corresponding to full scele digital
output. A senal data output is aiso provided
and has a nonreturn-to-2zero (NRZ) tormat
Logic outputs ete DTL/TTL compeubie end
will drive 6 standard TTL loeds
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ADL PIN CONNECTIONS

S Code...
A/D Card & From P3 on Prolog Rack

22 Pin plug " Luput. (Command) 16 pin socket
Pin Ident. Iin Ident.

No No.

! NC i 1 MUX Ch. 001

2 NC 2  MUX Ch. 010

3 NC 3 MUX Ch. 100

4 NC 4 S/H Command

5 Ch. © 5 A/D Start

6 Ch. 1 I 6  Alpha Reluy gtncr.;

% Ch. 2 7 Alpha Relay (Decr.,

8 Cch. 3 Cnalog 8  Relay Plug (spare)

9 cn. b [oltage 9 to 16 Not used

10 ch. 5 loputs RS

11 c¢ch. 6 | :

12 Ch. 7 e

13 NC |
14  Relay plug (spare) Relay Plug

15 Relay plug (Alpha Relay)

16  Relay plug (Alpha Relay) 3 *° §i$ gﬁﬁre<§§§§i)

ig ggl&}' ey ¢ P15 alpha relay (inecr.)
19 +5 vDC D P16 alpha relay (decr.)
20 +15 VDC  Pwr. Supply E P21 Gnd., (Buss)

21 Gnd. Buss line

2 -15 VIC

Output (Data) 16 pin socket

1 A/D Bit 14 (LSB)
2 " " 13

3 7" " 12

L A |

s " ” lo

6 " " 9

7 L] " 8

8 " ” 1

9 " " 6

lo " " 5

ll 1" (1] h

12 " " 3

13 " 1) 2

14 " " 1 (MSB)
15 A/D E.O.C.

16  Spare
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PROLOG 8YSUEM

ADL PIN

CONNECTIQNS

44 Fin Output Plug (On Top of Card Rack)

Relay Plug (spare)
Alpha Relay (decr.)
Alpha Relay (incr.)

A/D Start

S/ H Command

Analog MUX Ch. 100
" MUX Ch, 010
e MUX Ch. 001

DP (Dec. Pt., Lite Chip 03)
DP (Lite Chip 02)

DP (Lite Chip O01)

DP (1lite Chip 00)

BCD Data 8 (to Lites)

BCD Data &4

BCD Data 2

BCD Data 1

TTY Card JX-12/Jx-1L
TTY Card JX-11/J%-9

CODFE,
Pin TIdent.

No.

L ot 1-8 to p3.8
2 L P3-7
3 " 1-6 P3-6
’4 ” 1_5 P3-5
5 " l-l& P3-l&
6 " 1-3 P3-3
T "o1.2 P3-2
8 "1l P3-1
9 NC

10 Out 3-8 P4-15
11 N Ph-14
12 " 3.6 P4-13
13 " 3.5 PL-12
14 "3y P4-8
15 " 3.3 PU-7
16 R - PU-6
17 "o3.] P4-5
18 NC

19 "

20 "

21

22 "

A Out 0-8

B " 0-7

c " 0«6

D " 0-5

E " O-h

F " 0-3

H " 0.2

J " e-1

X NC

L Out 2.8

M " 2,_7

N " 2-6 to PL-10
P NasS PL-9
R E) N Ph-U
S " 2.3 P4-3
T " 2.2 P4k-2
4] LSO Ph-1
v NC

H "

x "

Y "

z ”

(+/- Lite)
Lite Enable
Lite MUX 1000
Lite MUX 0100
Lite MUX 0010
Lite MUX 0001
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FROLOG SYowM  Lb pin 1ARUT Pl fon Tup ot Osrd “aek)

CODElewennn.
¥in Ident
NO o
1 In 1-* to
2 "o1-Y
3 " l' (.
L WNeS
5 R P
o "3-3
'{ " l- '5:
3! T TS
9 NC
‘ lo I n 3- \:"
w37
12 " 3.6
13 " 3-5 to
1j+ " 3- ,4
15 " 3-3
16 " 3.2
17 " 3-1
18 NG
19 1"
20 "
21 "
22 "
A In 0-8
B " 0_7
c " 0-6
D 1" o- 5
E " 0.k
F " 0.3
H " 0-2
J " Q-1 to
K NC
L In 2-8 to
M " 2-7
N " 2-6
P " 2-5
R " 2.4
S " 2- 3
T " 2.2
U " 2-1
v NC
W
X
Y

T T

ADL PIN CONNECTIONS

P1-8,
P1-7,
P1-6,
P1-5,
Pl-k,
Pl1-3,
P1-2,
Pl-1,

NC
NC
NC
PR-5,
pR-1i,
P2-3,
PR-2,
F2-1,

A/

D Bit 7
" 8

" 9

" 10

L T

" 12

" 13

" 14 (LSB)

Kyb'd Flag
Kﬁb'd (1000)

(0100)
(0010)
(0001)

TTY Card (JX-17)

P1-16 NC

P1-15, A/D EOC (end of conversion)

Pl-1k, A/

P1l-13,
Pl-12,
Pl-ll,
P1-10,
P1-09,

"
"
"
"
"

D Bit 1 (MSB)
1"

O\ W N
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APPENDIX C

MATHEMATICS PACKAGE

Floating point (F.P.) binary numbers
for most internal arithmetic functioas.
explained in the following excerpts from
Litrary [3].
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800R BINARY FLOATING POINT SYSTEM

ARITHMETIC AND UTILITY PACKAGE

THE ARITHMETIC AND UTILITY SUBROUTINE PACKAGE OF THE 8008
BINARY FLOATING POINT SYSTEM CONTAINS SUBOOQUTINES FOR
PERFORMING THE BASIC ARITHMETIC ANO UTILITY OPERATIONS
AVAILARLE [IN THE SYSTFM.

THFE ARITHMETIC AND UTILITY PACKAGE IS CONTAINED IN 768
CONSECUTIVE WORDS OF MEMORY (3 BANKS OF ROw) AND DOES NOT
REQUIRE THAT ANY OTHER SOFTWARE BE PRESENT IN MEMORY. THIS
PACKAGE USES THF FIRST S4 WORDS OF A RANK OF RAM AS
SCRATCHPAD MEMNRY,

THE INDIVIDUAL SUBROUTINES INCLUDED. IN THF ARITHMETIC ANO
UTILITY PACKAGE OF THF FLOATING POINT SYSTEM ARE DESCRIBED

IN DETAIL BELOW.
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8008 BINARY FLOATING POINT SYSTEM

THE B008 BINARY FLOATING POINT SYSTEM CONSISTS OF A SET OF
SURROUTINES DESIGNED TO PERFORM OPERATIONS ON NUMERIC
QUANTITIES REPRESENTED IN A SPECIFIC NOTATION. SUBROUTINES
ARE PROVIDEN TO PERFORM A VARIETY OF ARITHMETIC AND RELATED
OPERATIONS.

THE SURROUTINES ARE ODESIGM-ZD TO BE STOREO AND EXECUTED IN
READ~ONL Y=MEMORY (ROM) AND REQUIRE THE FIRST PORTION OF A
BANK OF READ=-WRITE-MEMORY(RAM) FOR SCRATCHPAD MEMORY. THE
SUBROUTINES ARE SEPARATED INTO A NUMBER OF PACKAGESes EACH
CONTAINING SUBROUTINES FOR A GROUP OF RELATED OPERATIONS.
THE AMOUNT OF MEMORY(ROM AND RAM) REQUIREN FOR INSTALLATION
OF THE SYSTEM IS DEPENDENT UPON THE COMBINATION OF PACKAGES
TO BE USED. SCRATCHPAO MEMORY IS INITIALIZED BY A UTILITY
SUBROUT INE WHICH MUST RE EXECUTED BEFORE NTHER SUBROUTINES
ARE EXECUTED THE FIRST TIME.

IN GENERAL+ THE SUBROUTINES HAVE SIMILIAR ENTRyY AND EXIT
CONDITIONS. UNLESS SPECIFIED DIFFERENTLY IN THE DESCRIPTION
OF A SPECIFIC SUBROUTINEs THE SUBROUTINES HAVE THE FOLLOWING
CHARACTERISTICS.

SUBROUT INES REQUIRING ONE OPERANO TAKE IT FROM AN INTERNAL
FLOATING POINT ACCUMULATOR. SUBROUTINES SEQUIRING TWO
OPERANNS TAKE OME FROM THE ACCUMULATOR ANNn THE OTHER

FROM THE MEMORY LOCATION INDICATED BY THE CONTENTS OF THE
H AND L REGISTERS UPON ENTRY. THE NUMERIC RESULT OfF EACH
OPERATION 1S STOREO IN THE ACCUMULATOR ANN IS RETURNEO TO
THE CALLER IN THE Ae Re Co AND O REGISTERS. .

UPON EXIT FROM THE ARITHMETIC SUBROUTINES., THE PROPERTIES
OF THE RESULT ARE INDICATEO BY THE SETTINGS OF THE CONTROL
RITS.

CARRY AIT = |  THF RESULT EXCEEDS THE CAPACITY OF THE
ACCIIMULATOR, 'THE OTHED CONTROL BITSe THE
CONTENTS OF THE HAROWARE REGISTERSe ANO
THF CONTENTS OF THE ACAUMULATOR ARE
MEANINGLESS. THIS SITHATION IS ALSO
INDICATED AY A NON=-ZERN QUANTITY BEING
STORED IN A FLAG WORD.

THE RESULT IS IN RANGE, THE ZERO AND
SIGN BITS ARE PROPERLY SET. AND THE As B
Ce AND D REGISTERS CONTAIN A REPRESENTATION
OF THE VALUE IN THE ACCUMULATOR. .
1 THE RESILT OF THE OPERATION IS ZERO OR
A QUANTITY 700 SMALL Tn BE REPRESENTED.
) THE RESULT 1S NON=2ERO,
1 THE RESULT IS NEGATIVE,
0 THFE RESULT IS POSITIVE,

]
=

CARRY BIT

ZER0 8BIT

7ERO B17
SIGN BIT
SIGN BIT

NDATA ARE REPRESENTED IN A NOTATION WHICH SECORDS EIGHT RITS OFfF
EYPONENTe NNE RIT OF <IGNe ANO TWENTY FOUP B81TS OF FRACTION.
THE LARGEST MAGNITUDE THAT CAN BE REPRESEMTED 1S APPROXIMATELY
3.6 ® |0 ®*® 38, THE SMALLFST NON=ZERO MANNITUDE IS

APPROX IMATELY 2.7 ® 1n ee 39, THE RESOLUTION OF THE NOTATION
1S APPRAOXIMATELY Ae2 ® 10 #¢ -A, [,Eev BETTER THAN SEVEN
OFCIMAL DIGIT PRECISION,
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At

DATA VALUES ARE REPRESENTEN IN FOUR CONSEruUTIVE MEMORY WORDS
WHICH MUST BE IN THE SAME BANK OF MEMORY. THE INTERPRETATION
OF THESE WNRDS IS SHOWN BELOW,
WORND 1 IF NON-ZERO, THIS WORD CONTAINS THE
EXPONENT PLUIS A BIAS OF 200 OCTAL. THE
EXPONENT INDICATES THE POWER OF 2 BY
WHICH THE FRACTION IS MULTIPLIED TO
OBTAIN THE REPRESENTED VALUE. IF THIS
WORD IS ZERQO THE REPRE<ENTED VALUE IS ZERO
AND WORDS 29 39 AND & ARE MEANINGLESS.
WORD 2+ BIT 7 THIS BIT INDICATES THE SIGN OF THE VALUE:
0 IF POSITIVE. 1| IF NERATIVE.
WORD 2+ BITS 6-0 THESE BITS PLUS AN ASSIIMED 1 IN BIT 7
ARE THE MOST SIGNIFICANT BITS OF THE
FRACTION. THE FRACTION IS STORED IN
ABSOLUTE FOPM (UNSIGNEN) WITH THE RAODIX
POINT POSITIONED TO THF LEFT OF BIT 7.
THE VALUE OF THE FRACTION IS THUS LESS
THAN 1.0 ANC EQUAL TO NnR GREATER THAN 0.S.

WwORD 3 THIS WOoD CONTAINS THE SECOND MOST
SIGNIFICANT E€IGHT BITS OF THE FRACTION.
WORD & THIS WORD CONTAINS THE LEAST SIGNIFICANT

EIGHT BITS OF THE FRACTION,

EXAMPLES OF DATA NOTATION.
VALUE WORDI WORD2 WORDJ wORD4

0.0 000 XXx XxX XXX X = OONT CARE
*1.0 201 000 000 000
-1.9 201 200 000 000
*0,.1 17S 114 e 314
-100.1 207 31 063 063

FLOATING PNINT ACCUMULATOR,

THE FLOATING POINT ACCUMULATOR CONSISTS OF 5 SCRATCHPAD wORDS
CONTAINING RESPECTIVELY THE ACCUMULATOR ExPONENTs THE
ACCUMULATOR SIGNs AND THREE WORDS OF ACCUMULATOR FRACTION.

THE EXPONENT IS RECORDED WITH A BIAS OF 200 OCTAL. AN
EXPONENT WNRD OF ZERND INDICATES THAT THE vALUFE IN THE
ACCUMULATOR IS 7ERO AND THE REMAINING WORNS OF THE ACCUMULATOR
ARE MEANINGLESS. THE SIGN WORD HOLDS 000 IF THE ACCUMULATOR
IS NEGATIVE. 200 OCTAI IF POSITIVE. THE FRACTION IS RECORDED
AS A NORMAILIZED POSITIVE VALUE WITH THE RaDIX POINT TO THE
LEFT OF THE NMOST SIGNIFICANT BIT OF THE FTRST FRACTION WORD.

OVERFLOW FLAG.

THE OVERFLOW FLAG WORD IS PROVIDED AS A CNANVENIENCE TO THE
USER OF THE FLOATING POINT SYSTEM., THE WnRD IS INITIALLY SET
TO ZERO AND MAY BE RESET TO ZERO RBY THE U<ER AT ANY TIME.
WHEN ANY OF THE SYSTEM SI/BROUTINES DETECT AN OVERFLOW
CONDITION THE OVERFLOwW FLAG IS SET NON=7EnN. THUS THE USER
MAY CLFAR THE FLAG. PFRFORM A <SEQUENCE OF FLOATING POINT
OPERATIONSs AND CHECK THF FLAG TO DETERMINE IF AN OVERFLOW
OCCURRED ANYWHERE IN THE SEQUENCE.
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RN0B RINARY FLOATING POINT SYSTEM

THE H00B BINARY FLOATING POINT SYSTEM CONSISTS OF a
SET OF SUBROUTINES DESIGNED TO PERFORM ARITHMETIC
NPFQATIONS ON NUMERIC QUANTITIES REPRESENTED IN
MFMORY,

FACH NUMFRIC QUANTITY OCCUPIES FOUR CONSECUTIVE wORDS
(32 BITS) OF MEMORY. THF | ARGEST MAGNITUDE THAT CAn
RE REPRESEMTED IS APPROXIMATELY 3.6 TIMES TEN TO THF
IITH POWER, THE SMALLEST NON=-7ER0O MAGNITUDE THAT

CAN BE REPRESENTED 1S APPROXIMATELY 2.7 TIMES TEN TO
THE MINIIE 39TH POWFR. EACH NUMERIC QUANTITY 1S i
REPRESENTED WITH A PRECISION OF ONE PART IN
APPROXIMATELY 169000,000,

THE SOFTWAPF CONSTITUTING THE FLOATING POINT SYSTFM
1S NIVIDED INTO TWO SFCTIONSe EACH OF WwHICH OCCUPIES
3 BANKS OF ROM OR RAM, SECTION 1S INDEPENDENT OF
NTHER SOFTWARE, SECTION 2 IS OPEPABLE ONLY WHFN
SFCTION 1 IS AVAILABLE IN MEMORY. IN ADDITION TO
MEMORY REQUIRFDN FOR PROGRAM, 61 WORDS OF RAM ARE USED
AS SCPATCHPAD,

SNFTWARE SFCTION 1 CONTAINS THF FOLLOWING
HAIBROUYT [MES S

LND = LOAD SPECIFIED DATA INTO THE FLOATING
POINT ACCUMULATOR,

ADD - AND SPECIFIED DATA TO THE FLOATING POINY
ACCUMUL ATOWL,

SUB = SUBTRACT SPECIFIED NDATA FROM THE FLOATING
POINT ACCUMULATOR,

ML = MULTIPLY SPECIFIFD DATA TIMES THE FLOATING
POINT ACCUMULATOR,

0O1v = DIVIDE SPECIFIED DATA IN10 THE FLOATING
POINT ACCUMULATOR,

TST = SET CONTROIL BITS TO .INDICATE AVYTRIBUTES
OF THF FLOATING POINT ACCUMULATOR.

CHS = CHANGE THE SI1GM OF THE FLOATING POIMT
ACCUMULATNR,

ABS = SET THE SIGN OF TwF fLOATING POINTY
ACCUMULATON POSITIVE.

STR = STORE IN SPECIFIED MEMOKY THE VALUF IN THE
RPEGISTERS AS KRETURMED RY OTHER SURROUTINES.

IMIT = MOVE CODE FROM ROM TO RAM IN PREPARA1N]ON
FNR FXECUTION OF THE MUL AND DIV SUBKQUTINFS,
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SOFTWARE SECTION 2 CONTAINS SUBROUTINES WHICH ARE
USED TO CONVERT DATA BETWEEN THE BINARY FLOATING
POINT FORMAT AND A DECIMAL FORMAT SUITABLE FOR

ENTRY OR DISPLAY ON INPUT/OUTPUT EQUIPMENT. THE
NECIMAL FORMAT IS STORED IN MEMORY AS A SERIES

OF CHARACTERS. RELATIVELY SIMPLE INPUT/OUTPUT
ROUTINES MAY BE USEN TO INTERFACE THE MEMOKY-
RESIDENT CHARACTER STRINGS WITH ANY TYPE OF PHYSJICAL
170 OFVICE,

THE CHARACTER STRINGS CONSIST OF BCD REPRESENTATIONS
OF NECIMAL DIGITS AND ARBITRARY REPRESENTATIONS OF
.49 =9¢ oo AN EXPONENTIAL SIGN(LETTER E)e AND SPACE.
CHARACTER STRINGS MAY NOT CROSS MEMORY BANK
BOUNDARIES. AN INPUT STRING IS THEREFORE LIMITED

TO 256 CHARACTERS. AN QUTPUT STRING CONSISTS OF

13 CHARACTFRS, :

THF OUT SUBPOUTINE GENERATES CHARACTER STRINGS IN
2 FORMATSS THE CHOICE OF FORMAT DEPENDS ON THE
MAGNITUDE OF THE VALUE REPRESFNTED.

. MAGNITUDES BETWEEN .1000000 AND 9999999, ARE
REPRESENTED AY A SPACE OR MINUS SIGNs SEVEN
DECIMAL DIGITS AND AN APPROPRIATELY POSITIONED
OECIMAL POINTe AND FOUR SPACES.

MAGNITUNES NUTSIDE THE RANGE ARE REPRESENTED

AY A SPACE OR MINUS SIGNs A VALUE BETWEEN
1.000000 AND 9.999999. AN EXPONENTIAL SIGN. AND
A SIGNED TWO-DIGIT POWER OF TEN.

THE IMP SURROUTINE CONVERTS CHARACTER STRINGS IN
EITHER OF THE ABOVF FORMATSs OR A MODIFIED

VERSINON OF THEM, THE LEADING SIGN MAY BE INCLUDED OR
OMTTTEND. ANY NUMBER OF DIGITS MAY BE USED TO
INDICATE THE VALUE. WITH OR WITHOUT AN INCLUDED
NECIMAL POINT. IF A POWER=-OF-TEN MULTIPLIER IS
INDICATED IT MAY BE SIGNED OR UNSIGNED AND MAY
CONTAIN ONF OR TwO DIGITS. AN INPUT STRING IS
TERMINATED RY THE FIRST CHARACTER wHICH DEPARTS

FROM THE FORMAT,

THF FOLLOWING ARE FXAMPLES OF INPUT AND CORRESPONDING
NUTPUT CHARACTFR STRINGS,

3.161593 3.161593
=.0000900000001 -1,000000F-13
+]1.6ES 160000.0
123456789 1.,234568E+08
S4321E-10 5.,43?100E-06
=27)828182A8F -9 -2.,718282
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8008 BINARY FLOATING POINT SYSTEM
FORMAT CONVFRSION PACKAGE

THE FOUMAT CONVERSION PACKAGE OF THE R008 BINARY FLOATING
POINT SYSTEM CONTAINS SUAROUTINES FOR THE CONVERSION OF

DATA HETWEXEN THE FLOATING POINT SYSTEM NOTATION aND TwO
OTHER FORMATS. THE NON=-FLULATING=-POINY FODOMATS ARPE FOUR

WORD FIXED POINT FORMAT AND VARIABLE LENGTH CHARACTER STRING
FORMAT,

THE FOOMAT CONVERSION PACKAGE IS CONTAINEN IN S12 CONSECUTIVE
wNPNS OF MEMORY (2 BANXS OF ROM) AND REQUIOES FOR ITS
EXECUTION THAT THE ARTTHMETIC AND UTILITY PACKAGE BE
JAVAJLARLE IN MEMOPY, THE COMRINATION OF THIS PACKRAGE AND

THE ARITHMFETIC AND UTILITY FACKAGE USES TuE FIRST &4 WORODS

OF A BANK OF RAM AS SCRATCHPAD MEMORY.

THE FIXED POINT FORMAT OATA PROCESSED RY THIS PACKAGE
CONSIST OF 32 HIT HINARY NUMBERS OCCUPYINR FOUR WORDS.
T#0S COMPLEMENT NOTATION 1S USED TO REPRESENT NEGATIVE
,VALUES,

THE POSITINN OF THE BINARY POINT RELATIVE TO THE

BITS RECRESENTING THE vALUE 1S DENOTED BY A BINARY

SCALING FACTOR, THE RINARY SCALING FACTOO IS NOT NORMALLY
'‘RECORDEN IN THE COMPUTERs BUT WHEN A FORMAT CONVERSION
'SURROUT INE IS CALLED THE BINARY SCALING FACTORP MUST BE
SPECIFIFD(IN THE E REGISTER). A BIMARY SCALING F2CTOR OF
{ZERQ INNDICATES THE BINARY POINT IS IMMEDIATELY TO THE LEFT
JOF THE MOST SIGNIFICANT OF THE 32 BITS REPRESENTING THE
VALUE. A 3INARY SCALING FACTOR OF 32 INDICATFS THE BINARY
PNINT IS IMMEDIATELY TO THE RIGHT OF THE | EAST

SIGNIF JICANT BIT. THE PERMISSIALE RANGE OF THF BINARY
SCALING FACTOR IS =~12R(200 OCTAL) TO +127(177 OCTAL).

ITHE CHARACTER STRING FORMAT DATA PROCESSEN BY TH]S PACKAGE
CONSIST OF AINARY REPRFSENTATIONS OF CHARACTERPS OCCUPYING
'CONGECHTIVF WORDS OF MEMORY, A CHARACTER STRING MAY NOT
ICROSS A MFMORY BANKX BOUNDARY. THE CHARACTERS wrHICH MAY BE
|INCLUDFO IN & CHMARACTFR STRING. AND THF CARKESPONDING
;OCYAL REPRESENTATIONS ARE LISTED BELOW.

! DEC (AL DIGITS 0008-0118 8CO OIGITS

SPACE 608
. 3738 PLUS
- 3758 MINUS

3768 DECIMAL POINT
EXPONENTIAL SIGN 0258 LETTER €
(THESE OCTYAL. REPRESENTATIONS CAN Bt CONVERTED TO THE
‘CORRESPONN [NG ASC1] CHARACTERS BY ADOING 0608 TO EACH)

THE OQUT SUAROUTINE GENERATES CHARACTER STRINGS IN TWO
FORMATS, EACH CNANSISTING OF 13V CHARACTERS, THF FORMAT
USED IN A SPECIFIC .CASE 1S DEPENDENT UIPON THE MAGNITULE
OF THE VALUE RFPRESENTED.
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SIGNIF ICANCE INDEX

THE FLOATING POINT ADND AND SUBTRACT SUBROHTINES RETURN A
SIGNIFICANCE INDEX TO THE USER WHEN THE RFSULT OF ThE
OPERATION [S NOT ZERO, THIS INDEX GIVES AN INDICATION OF THE
CHANGE IN THE VALUE OF THE ACCUMULATOR EXPONENT AS A RESULTY
OF THE ARITHMETIC OPERATION PERFORMEDes IT IS USED PRIMARILY
FNOR COMPARISON OF TWO VALUES WHICH ARE EXOECTED TO BE EGUAL. .
BUT WHICH MAY DIFFER AY A SMALL AMOUNT OUF. TO MEASUREMENT OR
ROUND-OFF ERRORS. AS AN EXAMPLEs A SIGNIFICANCE INDEX OF !
3S4 OCTAL (=20 DECIMAL) INDICATES THAT THF RESULT OF THE i
OPFRATION IS SMALLER THAN THE OPERANDS BY A FACTOR OF
APPROXTMATELY ONE MILLION (2 ee 20).,

THE FLOATING POINT TESTs COMPLEMENT AND ARSOLUTE SUBROUTINES
RETURN THE SIGNIFICANCE INDEX FROM AN [MMFOIATELY PRECEEDING
ADD OR SURATRACT OPERATION.
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HEXADECIMAL NOTATION [4]

Hexadecimal Notation is a convenient way of representing all sixteen
combinations of four bits of information with a single charac:cer. The
most popular character set for displaying Hexadecimal data are the
characters 0 thru 9 to represent the binary combinations 0 thru 9 and
A BCDE and F to represent the binary combinations 10 thru 15.

Hexadecimal | Binary Bits Decimal
Characters 8421 Characters

(0] 00Qo00O 0

1 0001 1

2 0010 2

3 0011 3

4 0100 4

S 0101 S

8 0l1l1o0 6

7 0111 7

8 1000 8

9 1001 9

A 1010 10

B 1011 11

C 1100 12

D 1101 13

E 1110 14

F 1111 15

As an extension of this technique, all 256 combinations of 8 bits can
be represented by two hexadecimal characters as shown in the following
examples.

Hexadecimal Binary Decimal
Characters Bits Characters
00 0000 0000 o
(1) 0000 0001 1
3E 0011 1110 52
42 0100 0010 66
El 1110 0001 225
FF 1111 1111 2558

Going further, all 4096 combinations of 12 bits can be represented by
three Hexadecimal characters. This technique can be extended indefin-
itely, adding a Hexadecimal character for each four bits of information.
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